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SUKKARY
The s y n t h e s i s  o f  1 4 ^ -a cy la m in o co d e in o n es  has been a c h ie v e d  
v i a  th e  D i e l s —A lder a d d i t io n  o f  n itrosocarh ony l-corapound s t o  th e  
a c t iv a t e d  d ien e  system  o f  th e b a in e .  S e v e r a l  v a r i a t i o n s  on t h i s  
r o u te  have “been i n v e s t i g a t e d  and th e  . most e f f i c i e n t  y i e l d s  th e  
d e s ir e d  p ro d u cts  in  g r e a te r  than  60^ y i e l d  from th e h a in e .  The 
a n a lg e s i c  p r o p e r t i e s  and s t r u c t u r e / a c t i v i t y  r e l a t i o n s h i p s  o f  
s e v e r a l  o f  t h e s e  compounds and t h e i r  p r e c u r s o r s  w ith  d i f f e r i n g  
a lk y l  and a r y l  s id e  c h a in s  have heen e s t a b l i s h e d .
One o f  th e  s t e p s  in  t h i s  s y n t h e t i c  r o u te  was th e  r e d u c t io n  
o f  a s u b s t i t u t e d  hydroxamic a c id  to  an amide, which was accom p lis  
w ith  phosphorus t r i c h l o r i d e  or su lp hu r d io x id e  in  p y r id in e .  The 
u se  o f  t h e s e  r e a g e n ts  in  th e  r e d u c t io n  o f  s im p le  s u b s t i t u t e d  
hydroxamic a c id s  has been i n v e s t i g a t e d .
The r e a c t io n s  o f  th e b a in e  w ith  d in i t r o g s n  t r i o x i d e  and 
e l e c t r o p h i l i c  am in a t in g  a g e n ts  such as m e s i ty ls u lp h o n y lh y d r o x y l -  
amine have a l s o  been s t u d ie d  but both  methods f a i l e d  to  p ro v id e  
a s y n t h e s i s  o f  14^-am inocodeinone d e r i v a t i v e s .
P r e l im in a r y  i n v e s t i g a t i o n s  in t o  th e  ch em is try  o f  5 ^ - ^ ih y d r o  
th e b a in e  ( ^ —d ih y d ro th eb a in e )  phenyl e th e r  have shown th a t  t h i s  
compound r e a c t s  w ith  te tr a n itr o m e th a n e  to  y i e l d  14^ - n i t r o -  
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Chapter 1 INTRODUCTION
1 .1  General In tr o d u c t io n
Opium, th e  d r ie d  sap from th e  poppy Papaver somniferum  
has "been u sed  m e d ic in a l ly  s in c e  th e  days o f  th e  c l a s s i c a l  
G recian empire to  produce a n a lg e s ia  and eu p h oria ,  t o  reduce  
a n x ie t y ,  and to  f a c i l i t a t e  s l e e p .  laudanum was prepared by 
th e  16 th  cen tu ry  Sw iss  p h y s ic ia n  P a r a c e ls u s  by th e  e x tr a c t  ion  
o f  opium, but th e  main a c t i v e  c o n s t i t u e n t ,  morphine ( l )  was not
II
i s o l a t e d  u n t i l  1803 by th e  German pharm acist R r e id r ic h  S er tu rn er .
Among th e  o th er  c o n s t i t u e n t s  o f  opium are cod eine  ( 2 ) ,  i s o l a t e d
by P ie r r e -J e a n  Robinquet in  1332, which i s  used  as a cough
s u p p r e ss a n t ,  papaverine (3 )?  which i s  a muscle r e la x a n t ,  and
th e b a in e  (4) which i s  n o n -n a r c o t ic  and to o  t o x i c  f o r  c l i n i c a l
u s e .  The s t r u c tu r e  e l u c id a t io n  o f  morphine was undertaken by
2Gulland and Robinson in  1925 sn& th e  f i r s t  s y n t h e s i s  was 
cs .rr ied  out by Gates and T sch udi-5 in  1956•
Not a l l  th e  e f f e c t s  o f  th e  o p ia t e s  are b e n e f i c i a l .  As 
w e l l  as t h e i r  a n a lg e s ic  a c t i v i t y ,  th ey  can induce n a r c o s i s ,  
r e s p ir a t o r y  d e p r e s s io n ,  p h y s ic a l  and p s y c h o lo g ic a l  dependence 
l i a b i l i t y ,  euphoria  and d is p h o r ia ,  cough su p p r e ss io n ,  nausea ,  
and c o n s t ip a t io n .  Attempts to  se p a r a te  th e  d e s ir a b le  from th e  
u n d e s ir a b le  e f f e c t s  have proved e x c e e d in g ly  e l u s i v e  w ith  fo r  
example the  Bayer Company in  the lS 9 0 ' s  in tr o d u c in g  h ero in  (5)  
as a ’n o n - a d d ic t iv e ’ a n a lg e s i c .
3Harly a ttem p ts  to  s y n t h e s i s e  improved a n a lg e s i c s  
c o n c e n tr a te d  on t r y i n g  to  e s t a b l i s h  which p a r t s  o f  the  
morphine m olecu le  vie re e s s e n t i a l  f o r  a n a lg e s ic  a c t i v i t y ,  and 
which p a r ts  were ex tr a n e o u s .  The 3-hydroxymornhinans^ ( 6 ) 
and benzomorphans ( 7 ) are both  a c t iv e  a n a lg e s i c s  and 4- o h e n y l -  
p ip e r i d i n e s  e£ .  p e th id in e  ( 8 ) are c l i n i c a l l y  u s e f u l  drugs.
However, th e s e  compounds s t i l l  s u f f e r e d  from th e  s id e  e f f e c t s  
o f  morphine.
An import ant d is c o v e r y  in  morphine ch em istry  was th a t
7
replacem ent o f  th e  H-methyl group, by N - a l l y l  , N -propyl or IT-cycLo- 
p ro p y lm eth y l , u s u a l ly  transform ed  th e  compound from an a g o n is t
g
in to  an a n ta g o n is t  . A morphine a g o n is t  i s  a compound which 
has a l l  th e  e f f e c t s  o f  morphine, w h ile  a pure morphine 
a n ta g o n is t  has none o f  th e s e  e f f e c t s  but b lo ch s  th e  a c t io n  o f  
morphine a g o n i s t s .  Two important morphine a n ta g o n is t s  are  
naloxone ( 9 ) and n a lorp h in e  ( 10) ,  which can be used  as a n t id o t e s  
f o r  n a r c o s is  caused  by morphine a g o n i s t s .  H iprenorphine ( l l ) ,  
a mixed a g o n is t  -  a n ta g o n is t  i s  used  in  th e  v e te r in a r y  f i e l d
as an a n t id o te  to  e to rp h in e  ( 12) an a g o n is t  which i s  between
3 A 910 and 1 0 * t im es  as p o ten t  as morphine.
S torp h in e  and d iprenorphine  are examples o f  6 ,1 4 -b r id g e d
compounds, prepared by th e  D ie l s -A ld e r  a d d it io n  o f  a s u b s t i t u t e d
10 "11alh en e to  th e  d iene  system  o f  th eb a in e  ’ ~ . S ev era l o f  th e se
compounds have been prepared and th e  s t r u c tu r e  a c t i v i t y











(13) R = Ph
H -  Tyr -  Gly -  Gly -  Phe -  Met -  OH




w ith  th e  compound. ( 1 3 ) .  In t h i s  compound th e  most important  
f a c t o r  appears to  he th e  lo c a t i o n  o f  th e  hydrophobic benzene  
r i n g  and i t s  geometry r e l a t i v e  to  th e  r e s t  o f  th e  o p ia te  
m o le c u le .
Another group o f  compounds th a t  show enhanced a c t i v i t y  
are th e  14^—hydroxy code i r o n e s ^ .  For example, th e  m o d if ied  
14^—hydroxydihydrocodeinone ( 1 4 ) (a d m in is te r e d  o r a l l y )  i s  a 
more p o ten t  a n a lg e s ic  than morphine (g iv e n  by i n j e c t i o n ) .  I t  
has been in d ic a t e d  th a t  t h i s  compound has a low er a d d ic t iv e  
l i a b i l i t y  than m o r p h in e ^ .  14^-A m inocodeinones have been  
p r e p a r e d ^ 1 and are a l s o  p o ten t  a n a l g e s i c s ,  presumably due 
to  th e  s i m i l a r i t y  in  th e  h y d r o p h i l ic  environment o f  th e  
hydroxyl and amino groups.
The. mode o f  a c t io n  o f  o p ia t e s  on th e  c e n tr a l  nervous system
8 Q 17h a s , i n  th e  p a s t  fev; y e a r s ,  r e c e iv e d  a g rea t  d ea l o f  a t t e n t i o n  5
I t  has been shown th a t  th e  o p ia t e s  b ind  s t e r e o s p e c i f i c a l l y  to
r e c e p to r  s i t e s  on th e  su r fa c e  o f  neuronal c e l l s  in  th e  b ra in ,
and th e  more p o ten t  th e  o p ia te  i s  p h a r m a c o lo g ic a l ly , the
8 17s tr o n g e r  i s  th e  b in d in g  to  th e  b ra in  t i s s u e  ’ . The d ir e c t
c o r r e la t io n  between s p e c i f i c  b in d in g  and p h arm acolog ica l  
a c t i v i t y  i s  co m p lica ted  by th e  d i f f e r i n g  l i p i d  s o l u b i l i t y  o f  
th e  o p i a t e s .  For example, e to r p h in e ,  which i s  s.round 6 000 
t im es  more p o ten t  than  morphine has on ly  20 t im es  m orohine’ s 
a f f i n i t y  fo r  the  r e c e p to r .  However, e to rp h in e  i s  300 t im es  
more s o lu b le  in  l i p i d ,  so i s  co rr csn o n d in g ly  more e f f i c i e n t
617m  p e n e t r a t in g  th e  "blood-brain h a r r i e r .  The com bination  o f  
20 f o l d  g r e a te r  a f f i n i t y  cou p led  w ith  300 f o l d  g r e a te r  
p e n e t r a t io n  can t h e r e f o r e  account fo r  e t o r p h in e ' s  6 000 f o l d  
g r e a te r  p o ten cy .
18. The d is c o v e r y  o f  th e  en k ep h a lin s  by Hughes and K o s t e r l i t z
in  1975 kas opened up a whole new f i e l d  o f  n eu roch em istry .
These in d ig en o u s  o p ia t e s  are pen ta .pep tides  and were i s o l a t e d
from homogenised p ig  b ra in  in  th e  r a t i o ,  m eth ion ine en k ep h alin
(15) l o  l e u c in e  en k ep h a lin  ( 1 6 ) ,  3 :1 .  I t  has been shown th a t
t h e s e  p e p t id e s  b ind  c o m p e t i t iv e ly  at th e  same r e c e p to r  s i t e s
in  th e  c e n t r a l  nervous system  as morphine a lk a lo i d s  and can
8 ITbe in h i b i t e d  in  t h e i r  a n a lg e s ic  a c t io n  by naloxone ? .
A lthough m ethionine enk ep ha lin  and th e  h ig h ly  p o ten t
6 , 14-b r id g e d  a l k a l o i d  ( 1 3 ) appear at f i r s t  to  be g e o m e tr ic a l ly  
very  d i f f e r e n t ,  i t  was shown th a t  models o f  th e  two compounds 
may adopt very  s im i la r  sh ap es .  In a d d i t io n ,  th e  main h y d r o p h i l ic  
and hydrophobic r e g io n s  o f  both  m o lec u les  can be suoerirm osed .
The aim o f  t h i s  p r o je c t  was to  f in d  an e f f i c i e n t  and 
f l e x i b l e  s y n t h e t i c  rou te  to  th e  14^-a cy la m in o co d e in o n es  ( 1 7 ’
R = v a r io u s  a lk y l  and a r y l  groups) and to  study  t h e i r  a n a lg e s ic  
p o te n c y .  These compounds c o n ta in  a h y d r o p h i l ic  n it r o g e n  
s u b s t i t u e n t  at th e  14(± -p o s it io n  ( c f .  th e  14- h y d r o x y - s e r ic s )  
and a hydrophobic a lk y l  or a r y l  group a t ta c h e d  to  r in g  C, and 
























81 .2  1 4 -N itro g en  S u b s t i t u t e d  D e r iv a t iv e s  o f  th e  Morphine 
A lk a lo id s
The in t r o d u c t io n  o f  n i t r o g e n  in t o  an o rg a n ic  m olecu le  
i s  o f t e n  a ch ie v ed  v i a  n u c le o p h i l i c  a t ta c k  by a n i t r o g e n  atom 
at an e l e c t r o n  d e f i c i e n t  c e n t r e .  However, th e  1 4 - p o s i t io n  
o f  th e b a in e  i s  e l e c t r o n  r i c h  due to  th e  m ethoxy-d iene system  
o f  r in g  C so n u c le o p h i l i c  a t t a c k  at t h i s  p o s i t i o n  i s  p rec lu d ed .  
The methods th a t  have been used  s u c c e s s f u l l y  f a l l  in t o  two 
c a t e g o r i e s 5 e i t h e r  D i e l s —Alder a d d it io n  w ith  a n i t r o g e n  
c o n ta in in g  d ie n o p h i le ,  or n i t r a t i o n  w ith  a m ild  n i t r a t i n g  
a g e n t .
D i e l s —Alder r e a c t io n s  have been e x p lo i t e d  in  s e v e r a l
d i f f e r e n t  ways to  f u n c t i o n a l i s e  th e  d ien e  system  o f  r in g  C.
The f i r s t  d ie n o p h i le s  t o  be u t i l i s e d  were n i t r o s o - a r e n e s ”^’ 
and i t  was found th a t  n itr o so b e n z e n e  r e a d i ly  formed th e  c y c l i c
adduct (18) a.t room tem p eratu re . T his  r e a c t io n  was found to
be r e v e r s i b l e ,  w ith  s l i g h t  d i s s o c i a t i o n  o f  th e  adduct back to
th e b a in e  and n itr o s o b e n z e n e .  T r i t u r a t io n  o f  th e  adduct (18)
w ith  1 II h y d r o c h lo r ic  a c id  gave 1 4 ^ - (N-hydroxyphenylamino) -
codeinone ( 19) which cou ld  be e i t h e r  c a t a l y t i c a l l y  hydrogenated
to  14^ -phenylam inodihydrocodeinone ( 20) or r e - c y c l i s : d  w ith
sodium e th o x id e  in  e th an o l to  g iv e  th e  5 - 14- bridged  phenol ( 21 ) .
The c a p a b i l i t y  o f  n i t r o s o - a lk a n e s  to  act  as d ie n o p h i le s  




















R = CH. 7 C^H,-, CH0?h  
3 ^ 0  2
( 28) (29)
10
o f  1- c h lo r o n i t r o s o c y c lo h e x a n e  to  th e b a in e  h y d ro ch lo r id e  in  
21e th a n o l  . In t h i s  c a s e ,  th e  c y c l i c  adduct (22) was not i s o l a t e d  
and th e  product o f  th e  r e a c t io n  was 14^—hydroxyaminocodeinone  
( 2 3 ) ,  presumably formed by a c id  c a t a ly s e d  h y d r o ly s i s  o f  th e  
adduct ( 22 ) ,
E l e c t r o p h i l i c  a t t a c k  by h a logen s  on th e  m ethoxy-d iene
°2system  o f  th e b a in e  y i e l d e d  14-bromo- or ^ - c h lo r o -c o d e in o n e ^  .
By a n a lo g y , n i t r o s a t i o n  was ex p ected  to  y i e l d  14 - n i t r o s o -
co d e in o n e ,  but th e  product o b ta in ed  from th e  r e a c t io n  o f
th e b a in e  w ith  n i t r o s y l  c h lo r id e  in  methanol was th e  7- s u b s t i t u t e d
2 ^  24.neopinone d e r i v a t i v e  ( 24 ) . An i n t e r e s t i n g  by-product o f
th e s e  n i t r o s a t i o n  experim ents  was th e  k e to n ic  dimer ( 2 5 ) ,
presumably formed by th e  in te r m e d ia te  7-n itroso -com p ou nd  ( 26 )
e f f e c t i n g  a D ie l s - A ld e r  a d d it io n  w ith  th e b a in e  to  form a
6 , 14- a d d u c t , which rearran ged  to  th e  5 >14-b r id g e d  phenol ( 25 ) .
The a b i l i t y  o f  th eb a in e  to  form 6 , 14-a.dducts w ith  d ie n o p h i le s
has been used  to  p rov id e  ev id en ce  fo r  th e  e x i s t e n c e  o f  the
25r e a c t i v e  s p e c i e s ,  n i t r o s y l  cyan ide  . Thus, th e b a in e ,  in  th e
p resen ce  o f  s i l v e r  cyanide and n i t r o s y l  c h lo r id e  formed th e
N-cyano—3 , 6-dihycLro—2 K - l ,2 - o x a s in e  (27)? which was hydrogenated
w ith  p latin um  ox id e  in  methanol to  th e  cyanamide ( 2 3 ) .  T his
r e a c t io n  on ly  to o k  p la c e  in  low 3ri e l d  and v;as t h e r e fo r e  not
s y n t h e t i c a l l y  u s e f u l .
The use o f  aso-compounds as d ie n o o h i lo s  has been ex p lo red
26by s e v e r a l  groups o f  w orkers. Hers and Poox cr.ose d ia lk y l  















i n s t e a d  o f  th e  ex p ec te d  6 , 14—c y c l i c  a d d ucts ,  th ey  
o b ta in e d ,  w ith  equim olar amounts o f  th eh a in e  and 
d i e t h y l  a z o d ic a r b o x y la te ,  ^ - (M '-d ie th o x y c a r b o n y lh y d r a z in o -  
methy1 ) n o rth eh a in e  ( 30 ) ,  which was r e a d i l y  h y d ro ly sed  to  
n o rth eh a in e  (31; R = H ). Rhen th eh a in e  was t r e a t e d  w ith  tvro 
molar e q u iv a le n t s  o f  d i e t h y l  a z o d ic a r b o x y la te ,  th e  product was 
th e  codeinone d e r i v a t i v e  ( 3 2 ) .  The mechanism p o s tu la t e d  fo r  
t h i s  p r o c e s s  proposed  i n i t i a l  form ation  o f  th e  N-methyl s u b s t i t u t e d  
compound ( 30 ) which th en  r e a c te d  w ith  a fu r th e r  m olecu le  o f  
d i e t h y l  a z o d ic a r b o x y la te  to  form th e  6 , 14-add uct ( 33 ) .
Rearrangement o f  (33) to  (34) fo l lo w e d  by h y d r o ly s i s  then  
y i e l d e d  compound ( 3 2 ) .  In c o n t r a s t ,  th e  r e a c t io n  o f  
R - t r i f lu o r o a c e t y ln o r t h o b a in e  (31> R = COCF.) w ith  one molar  
e q u iv a le n t  o f  d i e t h y l  a z o d ic a r b o x y la te  a f fo r d e d  th e  adduct ( 35 ) 
which co u ld  be h y d ro ly sed  to  the  norcodeinone ( 36) .
As th e  d ia lk y l  a z o d ic a r b o x y la te s  on ly  a c ted  as weak 
d ie n o p h i l e s ,  i t  was p o s tu la t e d  th a t  t h i s  was due to  t h e i r  
predom inantly  t r a n s o id  geom etry. C y c l ic  aso-conroounds would 
have c i s o i d  geom etry, would be l e s s  h indered  and co n seq u en tly  
act  as more pow erful d ie n o p h i le s .  S ev e r a l  c y c l i c  azo—compounds 
( 3 7 ? 3 8 , 3 9 , 4 0 , and 4 1 ) have been used  to  form th eb a in e
ad d u c ts2^. The r e a c t io n s  o f  "Cookson’ s D ie n o p h i le " ,
284- p h e n y l - l , 2 , 4- t r i a s o l i n e - 3 , 5-d io n e  ( 4 1 ) w ith  th eb a in e  have
20
been s tu d ie d  e x t e n s iv e l y  by Ginsburg and co-w orkers ".
Formation o f  th e  adduct (42) occurred  in  h igh  y i e l d  but 
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compound, -the f r e e  "base o f  which was shown, a t  l e a s t  in  th e  
s o l i d  s t a t e ,  t o  have th e  "betaine s t r u c tu r e  ( 4 3 ) .  T h is  compound 
r e a d i l y  r e —c y c l i s e d  t o  th e  5>14—"bridged phenol (44) upon trea tm en t  
w ith  p y r id in e  and w ater .  R eduction  o f  th e  adduct ( 4 2 ) w ith  
d iim id e  y i e l d e d  th e  dihydro adduct ( 4 5 ) which formed a normal 
h y d r o c h lo r id e .
The r e a c t io n  o f  a c t iv a t e d  C— nitroso-com pounds w ith  th e h a in e
has proved  to  he th e  most v e r s a t i l e  method o f  in tr o d u c in g  n i t r o g e n
19 'at th e  1 4 - p o s i t i o n  o f  th e h a in e .  '  N itr o s o c a r h o n y l  compounds
were f i r s t  p o s tu la t e d  hy Beckwith and R v a n s ^  in  1962 as
in te r m e d ia te s  in  th e  p y r o l y s i s  o f  a lk y l  n i t r i t e s ,  hut t h e i r
s im p le s t  method o f  p r e p a r a t io n  i s  hy th e  o x id a t io n  o f  hydroxamic
a c i d s .  S k la rz  and A l-S ayyah J  ^ p o s tu la t e d  th a t  th e  th en  h y p o t h e t i c a l
n itr o so q a r h o n y l  compound was the  a c t iv e  s p e c i e s  r e s p o n s ib le  fo r
a c y l a t i o n  o f  primary a l i p h a t i c  amines during th e  o x id a t io n  o f
hydroxamic a c id s  w ith  sodium p e r io d a t e .  S in ce  th e n ,  s e v e r a l
32d i f f e r e n t  o x i d i z i n g  a g en ts  have heen empoyed in c lu d in g  "bromine ,
t - h u t y l h y p o c h l o r i t e , ^  i o d i n e , a n d  m ercuric  o x i d e ^ .  O l iv e r  and
W a l t e r s ^  have s in c e  p o s tu la t e d  th a t  th e  s t r u c tu r e  o f  th e  s p e c i e s
formed d uring  p otass ium  fe r r ic y a n id e  o x id a t io n s  was th e  r a d ic a l  
• """
anion  (RCO-N-O) as opposed to  the  n i t r o s o c a r b o n y l  compound 
(RCO—NO)• The use  o f  n i t r o s o c a r b o n y l  compounds and t h e i r
35.1 od e r i v a t i v e s  in  D ie l s - A ld e r  ch em istry  has heen rev iew ed  r e c e n t ly
Thehaine r e a c te d  w ith  hensohydroxamic a c id  and acetohydroxam ic  




























"the n itro so ca rb o n y lm eth a n e  and n itr o so c a r b o n y lb e n z e n e  adduct s^
(46; R = CH^  or P h ) . H y d r o ly s is  o f  th e  n itr o so c a r b o n y lb e n z e n e  
adduct ( 4 6 ; R = P h )  in  r e f l u r i n g  aqueous m eth an o lic  hydrogen  
c h lo r id e  y i e l d e d  14^-hydroxyam inocodeinone ( 23 ) ,  w h i le  a c id  
c a t a ly s e d  h y d r o ly s i s  o f  th e  n itrosocarb on y lm eth an e  adduct 
( 4 6 ; R = CH )^ a t  0  °C a f fo r d e d  th e  enone (47; R = CH-,) which,  
upon trea tm en t w ith  sodium methoxide in  methanol c y c l i s e d  to  
th e  5 ,1 4 -b r id g e d  phenol ( 4 8 ; R = 7-1 )
T h e  adduct ( 4 6 ; R = CH=CHPh) formed from th eh a in e  and
37cinnamoylhydroxamic a c id  was prepared hy D, McDougal , th en
h y d r o l y s e d  t o  t h e  c o d e i n o n e  (47; R = C H = C E P h ) . A c e t y l a t i o n
37th en  y i e l d e d  -the a c e t a t e  (49) • F urther s t u d i e s  on th e  adduct 
( 4 6 ; R = P h )  showed th a t  r e d u c t io n  w ith  z in c  in  a c e t i c  a c id  l e d ,  
in  low y i e l d ,  to  th e  o x a z o l in e  ( 50 ) which r e a d i ly  h y d ro ly sed  
under a c i d i c  c o n d i t io n s  to  y i e l d  N -b e n z o y l-14^-am inocodeinone
( 5 1 ) .  The adduct ( 4 8 ; R = P h )  was a l s o  h y d ro ly sed  under m ild  
c o n d i t io n s  to  y i e l d  8 , 14-d ihydro-8(3-benzoyloxy-14^~hydroxy-  
am inothebaine ( 5 2 ) ,  which cou ld  e i t h e r  he h yd ro lysed  to  
14f -hydroxyam inocodeinone ( 23) ,  iso m e r ise d  to  14^ -b e n z o y lo x y -  
am ino-8 , 14-d ih y d ro -S ^ -h y d ro x y th eb a in e  (53) or o x id i s e d  w ith  
manganese d io x id e  to  8 , 14- d ih y d r o - 8p -b e n z o y lo x y -14^ - -n itr o so th e b a in e  
( 5 4 ) .  However, t h e s e  r e a c t i o n s ,  though e x ten d in g  th e  knowledge  
o f  th eb a in e  ch em istry  d id  not prov ide  a s im p le  method o f  
p rep a r in g  14^-s.m inocodeinones.
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r e c e n t l y  been a c h ie v e d  by D.HacLean . In t h i s  example,
th e b a in e  and N - ( 2 ,2 ,2 - t r i c h lo r o e t h o x y c a r b o n y l ) h y d r o x y l a n in e ^
(56 )  in  th e  p resen ce  o f  sodium p e r io d a t e } formed th e  adduct (57)
which was co n v er te d  in t o  th e  p r o te c t e d  N-hydroxycodeinone
d e r i v a t i v e  ( 5 8 ; R = OH) by th e  a c t io n  o f  anhydrous g l y c o l i c
hydrogen c h lo r id e .  R ed uction  w ith  z in c  in  ammonium c h lo r id e
-fc-o ( 5 8 ; R -  I I ) ? f o l l o w e d  b y  a c i d i c  h y d r o l y s i s  th en  y i e l d e d
14^-am inocodeinone (55) in  ca .  60*jo from th e b a in e ;
IT itroso im ines  have a l s o  been u sed  in  D ie l s - A ld e r  r e a c t io n s
w ith  thebaine'^'' m Thus, th e  adducts (5 9 j6 0 ,  and 6 l )  have been
prepared  from th e b a in e  and th e  corresp on d in g  n i t r o s im in e s  (6 2 ,
6 3 , and 6 4 ) 7  which were in  turn  gen era ted  from th e  correspon d in g
amidoximes ( 6 5 , 6 6 , and 6 7 ) by le a d  t e t r a - a c e t a t e  o x id a t io n .
N itr o s o fo r m a te s  and n itrosoform am id es  hs.ve been prepared  
35by J.IIacKinnon and t h e i r  th eb a in e  adducts s tu d ie d .  Thus 
b en zy l N-hydroxycarbamate was o x id i s e d  w ith  t  etraethylanmonium  
p e r io d a te  in  th e  p resen ce  o f  th eb a in e  to  y i e l d  th e  th e b a in e /  
ben zy l n i t r o s o fo r m a te  adduct ( 68)5 t —b u ty l  H-hydroxycarbamate 
s i m i l a r l y  y i e l d e d  th e  adduct ( 69 )? and 2- t o lu e n e - p - s u l p h o n y l -  
e t h y l  H-hydroxycarbamate gave th e  adduct ( 7 0 ) .  The analogous  
r e a c t io n  o f  H-hydroxy-H1-p h en y lu rea  a f fo r d e d  th e  th e b a in e /  
TT-phenylnitrosoformsmide adduct ( 7 1 ) •
The n i t r a t i o n  o f  th eb a in e  w ith  te tr a n itr o m e th a n e  p ro v id es
a method o f  o b ta in in g  lha-am inocodeinone d e r i v a t i v e s .  This


























major product was th e  n itr o fo r m  s a l t  o f  th eh a in e  ( th e h a in e  H+
C(IT02 ) 3 ) w ith  sm a ll  amounts o f  1 4 ^ -n itr o c o d e in o n e  d im ethyl
a c e t a l  ( 7 2 ) ,  an unknown product which was chrom at© graphically
s i l i l a r  to  ( 7 2 ) ,  and a t r a c e  o f  14^ -n i t r o c o d e in o n e  ( 7 3 ) .
37L ater  work "by D.McHougal improved t h i s  r e a c t io n  and i d e n t i f i e d  
th e  unknown product as 8cc, 10cc -ep id io x y -8 , 14- d ih y d r o - 14^ - n i t r o -  
th e h a in e  ( 74 )? a lth ou gh  t h i s  compound d id  not g iv e  a s a t i s f a c t o r y  
e le m e n ta l  a n a l y s i s  ( v id e  i n f r a ) .
42T h is  method has "been d eve loped  to  p rov id e  a s y n t h e t i c
ro u te  to  th e  14(?-acylam inocodeinones (scheme l ) . Thehaine was
f i r s t  t r e a t e d  w ith  t e tr a n itr o m e th a n e  in  methanol c o n ta in in g
ammonia to  y i e l d  th e  d im ethyl a c e t a l  ( 7 2 ) .  R eduction  w ith  z in c
and ammonium c h lo r id e  to  th e  amine ( 7 5 )? fo l lo w e d  by a c y la t  io n .
th en  gave th e  14^-am inocodeinone d im ethyl a c e t a l s  ( 7 3 ) .  Acid
c a t a ly s e d  h y d r o ly s i s  then  gave the  14p-& cylam inocodeinones ( 7 7 ) .
The main d isa d v a n ta g e  in  t h i s  rou te  was th a t  th e  n i t r a t i o n
w ith  te tr a n itr o m e th a n e  proceeded  in  only"moderate y i e l d .
Another more dangerous a sp e c t  o f  t h i s  r e a c t io n  was th e  form ation
o f  ammonium n itr o fo r m a te  (NH^+C(iI0 2 )  ^ ) ns a by-product which
was dem onstrated to  be a therm al and shock s e n s i t i v e  e x p lo s iv e .
However, a la r g e  number o f  compounds have r e c e n t ly  been
43*4*prepared  by t h i s  method
N i t r a t io n  o f  th e h a in e  has a l s o  been ach ieved  w ith  







ex trem e ly  low y i e l d ,  presumably due to  d eg ra d a tio n  o f  th e  
s t a r t i n g  m a te r ia l  under th e  sev ere  c o n d i t io n s .  14^-ITitro-  
codeinone (73) was o b ta in e d  from t h i s  p r o c e s s  in  9$ y i e l d ,  and 
1 - n i t r o t h e b a in e  in  4$ y i e l d .
4 *5D in itr o g e n  t r i o x i d e  has a l s o  been u sed  to  n i t r a t e  th e h a in e  . 
T h is  somewhat obscure r e a c t io n  y i e l d e d  8 , 1 4 -d ih y d r o -1 4 ^ -n itr o - .  
7 -o x im in o th eb a in e  (78) in  low y i e l d .  Further  work, v id e  i n f r a , 
has e x p lo r ed  th e  scope o f  t h i s  r e a c t io n  and p rov id ed  a n a l y t i c a l  
d ata  f o r  compound ( 7 8 ) .
26
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S c h e m e  2
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Chapter 2 DISCUSSION
2 .1  The R e a c t io n  o f  Thehaine w ith  D in itr o g e n  T r io x id e
In  p r e l im in a r y  s t u d i e s  on th e  r e a c t io n  o f  th eh a in e  w ith  d in i t r o g e n  
45t r i o x i d e  in  benzene , a compound, t e n t a t i v e l y  a s s ig n e d  th e  
s t r u c tu r e  (78) was i s o l a t e d  in  low y i e l d ,  The f o l l o w i n g  
s t u d i e s  were c a r r ie d  out to  com plete th e  c h a r a c t e r i s a t io n  
o f  t h i s  product and to  improve, i f  p o s s i b l e  th e  y i e l d .
The ch em istry  o f  d in i t r o g e n  t r i o x i d e  has r e c e iv e d  
c o n s id e r a b le  a t t e n t i o n  s in c e  i t s  d is c o v e r y  by Gay-Lussac in  
1 8 1 6 ^ .  D in i tr o g e n  t r i o x i d e  e x i s t s  as a b r ig h t  b lu e  s o l i d  which
m e lt s  a t  ca .  -  102 °C to  form a deep b lu e  l i q u i d  ( b .p .  3 .5  ° C )?
/ \ d 7and, in  th e  l i q u i d  s t a t e  has th e  n i t r o - n i t r o s o  s t r u c tu r e  ( 6 0 ) '  .
In  th e  gaseou s  s t a t e  however, i t  i s  h ig h ly  d i s s o c i a t e d  to  form 
a m ixture o f  n i t r i c  ox id e  and n i tr o g e n  d io x id e ,  but th e  ch em istry  
i s  fu r th e r  co m p lica ted  by th e  e q u il ib r iu m  between n i t r o g e n  
■dioxide and i t s  dimer, d in i t r o g e n  t e t r o x i d e :
2N02 h204
T h u s ,1 n i t r o u s  fum es1 c o n s i s t  o f  a complex m ixture o f  n i t r o g e n  
o x id e s ,  which e x i s t  in  e q u i l ib r iu m .
The r e a c t io n  o f  th eb a in e  w ith  d in i t r o g e n  t r i o x i d e  to  form 
th e  n itr o -o x im e  (78) can b e s t  be co n s id ered  as in v o lv in g  n i t r o g e n  
d io x id e  and n i t r i c  ox id e  r a d i c a l s  as th e  r e a c t iv e  s p e c i e s .
Scheme 2 shows a p o s s i b l e  m e c h a n is t ic  pathway, in  which the  
n i t r o - r a d i c a l  a t ta c h s  th e  14- p o s i t i o n  to  form the  s t a b i l i s e d
23
a l l y l i c  r a d ic a l  (79) which in  tu rn  r e a c t s  vrith a n i t r o s o  
r a d i c a l  t o  form th e  14- n i t r o - 8- n i t r o so compound, which  
ta u to m e r is e s  t o  form th e  oxime ( 7 3 ) .
The i . r .  spectrum o f  th e  oxime ( 7 8 ) showed th e  p resen ce  
o f  an OH (3 280 cm"1 ) ,  a C=H ( l  634 cm 1 ) and an NO^  group 
( l  550 and 1 373 cm” 1 )? w h ile  th e  u .v .  spectrum was c o n s i s t e n t  
w ith  an -u n s a tu r a te d  oxime (230 run, £ 1 ,4 2  x 10^ ).  The 
n .m .r .  spectrum gave th r e e  sharp s i n g l e t s  f o r  th e  th r e e  methyl 
group s, and th e  broad dou b let  at 8 4*28 was a s s ig n e d  to  H-9, 
which cou p led  to  H-10 CC (_J 7 H z), but not to  H-10^ , as th e  
d ih e d r a l  an g le  H-9 sH-10^was ^ca. 90 ° .  The s i n g l e t s  at S 5*31 
and 8 5*76 were a t t r ib u t e d  to  K-5 and E-7 r e s p e c t i v e l y .  The 
arom atic  p ro ton s  gave a double d oublet  cen tre d  at S 6 .7 7  w ith  
a c o u p l in g  c o n sta n t  o f  8 Hz. The u p f i e l d  s ig n a l  ( £  6 .7 0 )  was 
a s s ig n e d  to  K -l due to  th e  very  s l i g h t  broaden ing caused  by th e  
b e n z y l i c  c o u p l in g  ( 1 Hz) to  th e  H-10 p ro to n s ,  and th e  D^ O
exchangeab le  broad s i n g l e t  at 8 1 1 .7 0  was a s s ig n e d  to  th e  1T-0H 
p ro to n .  The mass spectrum showed th e  m olecu lar  io n  at m/e 387 ,
M-OH at 370 and M-NOg at 341.
S e v e r a l  exp er im en ta l  problems were en countered  w ith  t h i s  
r e a c t i o n ,  and a l l  a ttem p ts  to  improve th e  p ro c e ss  met w ith  
s in g u la r  la c h  o f  s u c c e s s .  The p rep a r a t io n  o f  dry d in i t r o g e n  
t r i o x i d e  in  th e  c o r r e c t  amounts fo r  a s p e c i f i c  experim ent was 
d i f f i c u l t ,  and th e  a p p a r a t u s  fo r  i t s  g e n e r a t io n  e v o lv e d  t h r o u g h  


















A diagram o f  t h i s  apparatus i s  in c lu d e d  in  th e  exp er im en ta l  
s e c t i o n .
The major "by-product from t h i s  r e a c t io n  was a th e h a in e  s a l t  
which appeared as a volum inous y e l lo w  p r e c i p i t a t e  on a d d it io n  
o f  th e  d in i t r o g e n  t r i o x i d e  to  th e  s o l u t i o n  o f  th e h a in e .  T h is  
m a te r ia l  was removed hy f i l t r a t i o n ,  and, upon trea tm ent w ith  
d i l u t e  sodium h y d ro x id e ,  fo l lo w e d  hy e x t r a c t i o n  w ith  e th y l  
a c e t a t e ,  r e g e n e r a te d  th e h a in e .
V arious ex p er im en ta l param eters ( e g .  s o l v e n t s ,  c o n c e n tr a t io n s ,  
r e a c t io n  t im e s ,  t em p era tu res ,  r a t e s  o f  a d d it io n  and amounts o f  
d in i t r o g e n  t r i o x i d e )  were a l t e r e d  in  a ttem pts  to  make form ation  
o f  th e  n i t r o -o x im e  (78) more s e l e c t i v e ,  hut no in c r e a s e  in  
s p e c i f i c i t y  was a c h ie v e d .  A ttem pts to  improve th e  p r o b a h i l i i j -  
o f  captu re  o f  the  a l l y l i c  r a d ic a l  (79) h>y th e  a d d it io n  o f  
la r g e  e x c e s s e s  o f  n i t r i c  ox id e  gave no s i g n i f i c a n t  improvement.
As a v a r i a t i o n  o f  t h i s  exp er im en ta l r o u te ,  th e  a d d it io n  
o f  d in i t r o g e n  t r i o x i d e  to  th eh a in e  was attem pted  in  th e  p resen ce  
o f  a la r g e  e x c e s s  o f  oxygen. Thus, i t  was hoped th a t  the  
in te r m e d ia te  s t a b i l i s e d  a l l y l i c  r a d ic a l  (79) would capture  a 
m olecu le  o f  oxygen to  g iv e  th e  s p e c i e s  ( 8 l ) ,  which might then  
form, f o r  example, th e  8 - k e t o - 4 - n i t r o  compound ( 8 2 ) ,  as in  scheme 
3 . T h is  r e a c t io n  was attem p ted  w ith  a ceton e  as s o lv e n t  to  
m inim ise p r e c i p i t a t i o n  o f  th e h a in e  s a l t s .  During workup, 
ev a p o ra t io n  o f  th e  s o lv e n t  at _ca. 30 °C/20 mm Eg r e s u l t e d  in  tr.e 
e x p lo s io n  o f  th e  t o t a l  r e a c t io n  m ixture . Ehethor t h i s  was due
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t o  therm al d eco m p o sit io n  o f  a p erox id e  in te r m e d ia te  was never  
c l e a r l y  e s t a b l i s h e d .  In  th e  hope th a t  a p erox id e  had indeed  
been formed, th e  r e a c t io n  was c a r e f u l l y  r e p ea te d  and th e  t o t a l  
r e a c t io n  m ixture t r e a t e d  w ith  p otassium  io d id e  in  a c e t i c  a c id ,  
to  c l e a v e  any p o t e n t i a l  p ero x id e  to  an a lc o h o l ,  but t h i s  
procedure y i e l d e d  no r e c o g n is a b le  p rod u ct .
The main d isa d v a n ta g e  o f  t h i s  exp er im en ta l r o u te  was th e  
p ro d u ct io n  o f  th e b a in e  s a l t s .  I t  was d ec id ed  th a t  t h i s  problem  
co u ld  be r e a d i l y  overcome i f  th eb a in e  was f i r s t  co n v er ted  in to  
N -b e n z y lo x y ca rb o n y ln o rth eb a in e  which would be in ca p a b le  
o f  s a l t  fo rm a tio n .  Thebaine was a cc o r d in g ly  f i r s t  con verted  
in t o  n o rth eb a in e  which was in  turn  r e a c te d  w ith  b e n z y lc h lo r o -  
form ate t o  g iv e  N—b en zy lo x y c a rb o n y ln o r th e b a in e .
The l i t e r a t u r e  method fo r  N -d em eth y la t ion  o f  th eb a in e  i s
26o f  i n t e r e s t ,  as i t  ivas d is c o v e r e d  by lierz and Pook du ring  
t h e i r  attem pt to  carry  out a D i e l s —A lder a d d it io n  o f  d ie t h y l  
a z o d ic a r b o x y la te  t o  th eb a in e  ( s e e  p lO ) . N orthebaine prepared  
by t h i s  method was th en  con verted  in to  N -b e n sy lo x y c a rb o n y l-  
n o rth eb a in e f^  The n .m .r .  spectrum o f  t h i s  compound at 55 °C 
gave a sharp s i n g l e t  ( 6 5 .1 5 )  fo r  the  two b e n z y l i c  protons  
o f  th e  carbamate moiety, but on c o o l in g  to  0 °C, t h i s  s i n g l e t  
s p l i t  in to  two s i g n a l s  sep a ra ted  by 0 .0 3  ppm. In a d d it io n ,  
at 55 °C, H-8 formed a sharp doublet at 8 5*81 (_J 7 Hz) , 
which became broader at 30 °C and f i n a l l y  formed a t r i p l e t  
cen tre d  at & 5 .6 2  at 0 °C. T his behaviour was b es t  ex p la in e d
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"by th e  uemperature dependent in te r c o n v e r s io n  o f  th e  u rethane  
ro ta m ers ,  as shown in  F ig .  1 .
The r e a c t io n  o f  M—b en zy loxycarb on y ln or th eb a in e  w ith  d i n i t r o g . n  
t r i o x i d e  was s tu d ie d  under two d i f f e r e n t  s e t s  o f  ex p er im en ta l  
c o n d i t io n s :  hy p a s s in g  gaseous d in i t r o g e n  t r i o x i d e  in t o  a 
s o l u t i o n  o f  H -b en zy loxycarb on y ln orth eb a in e  d i s s o lv e d  in  a 
s u i t a b l e  s o l v e n t ,  or hy adding a s o l u t i o n  o f  H -b en zy lo x y -  
ca rb o n y ln o rth eb a in e  d i r e c t l y  to  l i q u i d  d in i t r o g e n  t r i o x i d e  at 
ca .  0 °C. Both t h e s e  procedures  y i e l d e d  impure h i tr o -o x im e  
( 8 3 ) 9  hut a lth ou gh  th e r e  was no p r e c i p i t a t i o n  o f  th e h a in e  s a l t s ,  
th e  y i e l d s  f o r  hoth  p r o c e s s e s  were s t i l l  very  low, v/ith  form ation  
o f  s e v e r a l  b y -p r o d u c ts .
The i . r .  spectrum o f  th e  n itr o -o x im e  ( 8 3 ) showed th e  p resen ce  
o f  an OH (3 280 cm” '1' ) ,  C=IT ( l  632 cm ^ )> and an group ( l  549 
and 1 372 cm” '1'), and th e  u . v .  spectrum Weis c o n s i s t e n t  3 i t n  tne  
p resen ce  o f  an —unsat'urated oxime (231 nm, 8  7*69 x 10 " ) .
The n .m .r  spectrum corresponded c lo s e l j -  to  th a t  o f  th e  n i t r o -  
oxime (78) ex cep t  f o r  th e  l o s s  o f  th e  IT—m ethyl s ig n a l  and 
rep lacem ent w ith  th e  "benzyl carbamate m oiety  showing s i n g l e t s  
at 8  5*19 and 6 7*29 corresp on d in g  to  tire b e n z y l i c  and arom atic  
p roton s  r e s p e c t i v e l y .  The s ig n a l  fo r  E - 9 » though v i s i b l e  in  
th e  n i tr o -o x im e  ( 7 8 ) as a doublet at 6  4*23 was not v i s i b l e  in  
th e  spectrum o f  th e  oxime ( 8 3 ) .  T h is  cou ld  have been du~ to  a 
change in  th e  chem ical s h i f t  induced by th e  c lo s e  p rox im ity  
o f  th e  arom atic  r in g  o f  the oonzyl c ss  or group causing’ 'cue a—9
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resonance  to  be masked by o th er  s i g n a l s .  In  a d d i t io n ,  th e  
p resen ce  o f  u rethane ro tam ers , as observed  vrith th e  s t a r t i n g  
m a t e r ia l ,  cou ld  fu r th e r  com p lica te  th e  spectrum .
Exam ination  o f  the  mass spectrum shoved th e  m olecu lar
io n  a t  m/e 507? M-NO  ^ at 461^and M-PhCE^OH at 399 • In  a d d i t io n ,
th e r e  appeared to  he an e x tr a  m olecu lar  io n  at m/e 494, and
a s s o c i a t e d  fragm en ts ,  n o ta b ly  M- 0  at 478 and at 4 1 7 .o 5
A fu r th e r  m o lecu lar  io n  at 534 was a l s o  v i s i b l e . .  The p resen ce  
o f  t h e s e  two contam inants e x p la in e d  th e  amom&lous m ic r o a n a ly t ic a l  
d ata  f o r  th e  oxime ( 8 3 ) which was i n c o n s i s t e n t  vrith a m o lecu lar  
form ula  o f  r e s u l t  f o r  carbon b e in g  O.72^o g r e a te r
th an  th e  t h e o r e t i c a l  v a lu e .  C lose  exam ination  o f  t h i s  m a te r ia l  
by t . l . c .  on s i l i c a  shovred th a t  two compounds were ind eed  
p r e s e n t , ’ w ith  somewhat s im i la r  chrom atographic p r o p e r t i e s ,  but 
as  th e  m e lt in g  p o in t  o f  199-201 °C was sharp , th e  oxime (S3) 
was probably  c o - c r y s t a l l i s i n g  w ith  im p u r i t i e s .  The i d e n t i t y  
o f  th e  major im purity  at m/e 494 rem ains unknown, b u t ,  vrith a 
p o s s i b l e  m olecu lar  form ula o f  SggH^^E^Og, th e  a lc o h o l  ( 8 4 ) 
seems l i k e l y  ( s e e  ab ove) .
Due to  th e  exp er im en ta l d i f f i c u l t i e s  encou ntered  in  every  
a s p e c t  o f  th e  r e a c t io n s  o f  th e b a in e  vrith d in i t r o g e n  t r i o x i d e ,  
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2 .2  Attem pts t o  Aminate Thebaine w ith  E l e c t r o p h i l i c  
Aminatin" Agents
Most am in ation s  proceed  by n u c l e o p h i l i c  a t ta c k  o f  an 
amine a t  an e l e c t r o n  d e f i c i e n t  c e n t r e ,  but as th e  14- p o s i t i o n  
o f  th e b a in e  i s  e l e c t r o n  r i c h ,  am in ation s  o f  t h i s  n ature are  
p r e c lu d e d .  The p o s s i b i l i t y  o f  am in atin g  th e b a in e  d i r e c t l y  
w ith  an e l e c t r o p h i l i c  am inating  agent o f  th e  g en era l s t r u c tu r e  
NHg-X, where X i s  a l e a v in g  group was t h e r e f o r e  c o n s id e r e d .  
R eagents  such as hydroxylam ine-_0-su lphonic a c id  ( 8 5 ) and a r y l  
d e r i v a t i v e s  such  as m es ity len esu lp h o n y lh y d ro x y la m in e  ( 8 6 ) ^  
f a l l  in t o  t h i s  ca teg o r y  and r e a c t  w ith  n u c le o p h i l e s  as shown 
below .
M esity len esu lp h on y lh yd roxy lam in e  i s  commonly u sed  f o r  
th e  am ination  o f  amines such as p y r id in e ,  to  form N-amino- 
pyrid in iu m  m e s i ty le n e su lp h o n a te ,a n d  secondary amines to  form 
s u b s t i t u t e d  hydrazine  d e r i v a t i v e s .
2
(PhCH2 ) 2!3H --------- >  (?hCH,;J 2:i-i'IK2
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The r e a c t io n  o f  m es ity len esu lp h o n y lh y d ro x y la m in e  w ith  
a c t iv a t e d  d ie n e s ,  as i s  th e  case  w ith  th e h a in e ,  i s  unknown, 
hut th e  advantage o f  t h i s  s t r a t e g y ,  i f  s u c c e s s f u l ,  would he 
form a tio n  o f  th e  14 -am inocodeinone from N—b en zy lo x y c a r b o n y l-  
n o rth eh a in e  in  one s t e p ,  as shown in  scheme 4 . Thehaine i t s e l f ,  
due to  th e  p resen ce  o f  th e  t e r t i a r y  amino-group might r e a c t  
p r e f e r e n t i a l l y  at th e  n i t r o g e n  atom, form ing a s a l t ,  and 
t h e r e f o r e  must he p r o te c te d  as th e  u re th a n e ,  N -b e n z y lo x y ca rb o n y l-  
n o r th e h a in e .
M esit3rlen esu lp h on y lh yd roxy lam in e  was prepared  w ith  d i f f i c u l t  
hy th e  l i t e r a t u r e  method as d e sc r ib e d  in  scheme 5* The r e a c t i v i t  
o f  th e  f i n a l  product was confirm ed hy th e  p r e p a r a t io n  o f  N-smiino-
p y r id in ium  m e s ity le n e su lp h o n a te  from p y r id in e .  T h is  m a te r ia l
0 49had m.p. 123-124  C, which agreed  w ith  th e  l i t e r a t u r e  va lu e
o f  125-126 °C.
The r e a c t io n  o f  m es ity len esu lp h o n y lh y d ro x y la m in e  w ith  
N -b en zy lo x y ca rb o n y ln o rth eb a in e  u n fo r tu n a te ly  y i e l d e d  no amineted  
p r o d u c ts .  N .m .r . sp e c tr o sc o p y  was used  to  m onitor th e  r e a c t io n  
p r o g r e s s  and t h i s  in d ic a t e d  th a t  no r e a c t io n  occurred  at 30 °G 
in  d eu te r io c h lo r o fo r m  fo r  10 h , a f t e r  -which th e  spectrum  
became p r o g r e s s iv e l y  more complex. As th e  r e a c t io n  o f  
m esity len esu lp h o n y lh y d ro x y la m in e  w ith  s im ple  amines goes to  
com p le t ion  'within f i v e  m in u tes ,  the  changes in  th e  n .m .r .  
spectrum a f t e r  10 h were probably caused hy d eg ra d a t io n  or 























The 1 4 - p o s i t i o n  was t h e r e f o r e  e i t h e r  not s u f f i c i e n t l y  s t r o n g ly  
n u c l e o p h i l i c ,  o r ,  th e  s t e r i c  b lo c k in g  e f f e c t  o f  the  b en x y lo x y -  
carbonyl group was h in d e r in g  th e  approach o f  th e  m e s i t j ' l e n e -  
su lp hony lhyd roxy lam ine m o le c u le .
The r e a c t io n  o f  N -ben zy lo x y ca rb o n y ln o rth eb a in e  w ith  
h y d roxy lam in e-O -su lp h on ic  a c id  was a l s o  a ttem p ted  and was a g a in  
fo l lo w e d  by n .m .r .  s p e c tr o s c o p y .  A f te r  3 h , a l l  th e  s t a r t i n g  
m a te r ia l  had been consumed, and t . l . c .  showed th a t  p red om inently  
two compounds were p r e s e n t .  S ep a ra t io n  by p r e p a r a t iv e  t . l . c .  
and exam in ation  o f  th e  s o l u t i o n  i . r .  s p e c tr a  o f  th e  components 
in d ic a t e d  th a t  n e i t h e r  compound e x h ib i t e d  an H-H s t r e t c h i n g  
v ib r a t i o n  in  th e  r e g io n  3 500-3  300 cnf”^ , t h e r e f o r e  no am ination  
had tak en  p la c e .
Due-, t o  th e  a c i d i t y  o f  th e  h ydroxylaraine-O -su lphonic  a c id
(pH 1 ) ,  i t  was p o s tu la t e d  th a t  both  compounds were formed by
a c id  c a t a ly s e d  rearrangement o f  !T-benz5rlo x y c a r b o n y ln o r th e b a in e ,
as opposed to  am in ation .  The a c id  c a t a ly s e d  rearrangement o f
50th e b a in e  i s  w e l l  known and p roceeds  wixh open ing  o f  xhe e th e r  
b r id ge  fo l lo w e d  by m ig ra t io n  o f  th e  s id e  chain  from C-13 to  
C-14 to  y i e l d  the  b e n z y l i c  carbonium io n  (91)*  H y d r o ly s is  
to  th e  ketone  (92) fo l lo w e d  by m ig ra t io n  o f  th e  s id e  chain  
from C-14 to  0 -8  a l lo w s  r in g  C to  a r o m a tise ,  and so form 
morphothebaine ( 9 3 ) .  T his  i s  r e p r e se n te d  in  scheme 6.
Thus, i t  appeared th a t  th e  r e a c t io n  o f  H -b en zy loxycarb on y l-  





an a c id  c a t a ly s e d  rearrangement o f  th e  th eh a in e  n u c le u s ,  and 
not an am in ation . Further  ev id en ce  fo r  t h i s  v;as o b ta in ed  by th e  
r e a c t i o n  o f  K—b en zy lo x y ca rb o n y ln o r th eb a in e  w ith  a c a t a l y t i c  
amount o f  hydroxylam ine—O—su lp h o n ic  a c id  to  g iv e  th e  same two 
p r o d u c ts ,  and th e  rearrangement c a t a ly s e d  by c o n c e n tr a te d  
h y d r o c h lo r ic  a c id  in  methanol gave two compounds, ag a in  se p a r a b le  
by t . l . c .  The major product ( l e s s  p o la r )  had th e  same n .m .r .  
spectrum as th e  u n i d e n t i f i e d  product from th e  hy dr ox^'lamine-O- 
s u lp h o n ic  a c id  rearrangem ent.
Although attem p ts  to  aminate H -b en sy loxycarb on y ln orth eb a in e  
d i r e c t l y  in  th e  14- p o s i t i o n  had proved u n s u c c e s s f u l ,  i t  was 
d ec id e d  t h a t ,  s in c e  th e  r e a c t io n  o f  m e s i ty 1en esu lp h o n y Ih y d ro x y l-  
amine w ith  secondary amines was w e l l  e s t a b l i s h e d ,  i t  would be 
w orthw hile  to  attem pt th e  p rep a r a t io n  o f  th e  unknown N-amino-  
n o r th e b a in e .  N orthebaine was t h e r e f o r e  t r e a t e d  w ith  wn equimolar  
amount o f  m es ity le n e su lp h o n y lh y d ro x y la m in e  in  d e u te r io c h lo r o fo r m  
and th e  r e a c t io n  p r o g ress  fo l lo w e d  by n .m .r .  s p e c tr o s c o p y ,
W ith in  5 m in u tes ,  a compound had been formed which, though never  
i s o l a t e d  in  a pure s t a t e ,  was p r o v i s i o n a l l y  assumed to  be 
N-aminonorbhebaine (9 5 ) •  The n .m .r .  spectrum was very  s im i la r  
to  th a t  o f  n o r th e b a in e ,  excep t f o r  a d o v n f ie ld  s h i f t  o f  the  
K-3 d ou b let  by 0 .3  ppm and th e  appearence o f  th e  E-9 doublet  
( £> 4 . 5 4 ) ,  which p r e v io u s ly  had been mashed by o tn ar  reso n a n ces  
in  th e  r e g io n  6 3 .0  to  4*0.




















0_-sulphonic a c id  a l s o  proved u n s u c c e s s fu l  vrith n o rth eb a in e  
h y d r io d id e  b e in g  r e c o v ered  in  low y i e l d .  No N -am ination  was 
o b serv ed .
2 .3  P r e p a r a t io n  o f  14^-A cylam inocodeinones v i a  N itr o so c a r b o n y l  
I n te r m e d ia te s
The f i r s t  improved ro u te  to  th e  s y n t h e s i s  o f  1 4 ^ - a c y l -  
am inocodeinones i s  shown in  scheme 7 .  T h is  work o r ig in a t e d  from 
th e  d is c o v e r y  th a t  th e  a c t iv a t e d  d ien e  system  o f  th eb a in e  
r e a c te d  w ith  n i t r o s o c a r b o n y l  compounds, formed by th e  o x id a t io n  
o f  hydroxamic a c i d s ,  to  y i e l d  c y c lo -a d d u c ts  ( 4 6 ) .
I t  was p o s tu la t e d  th a t  trea tm ent o f  th e  adduct ( 4 6 ) w ith  
methanol’- under a c i d i c  c o n d it io n s  v/ould form th e  d im ethyl a c e t a l  
( 96) which cou ld  be h y d ro ly sed  to  th e  keton e  at a l a t e r  s ta g e  
w ith  d i l u t e  a c id .  In a d d i t io n ,  the  e th e r  l in k a g e  at C-5 i s  
now s t a b l e  to  r e d u c t io n  u n l ik e  th a t  o f  th e  co d e in o n e .  A lso ,  
th e  l i k e l i h o o d  o f  a t ta c k  by th e  hydroxyl group a t ta c h e d  to  th e  
n i t r o g e n  atom on C-5 form ing the 5 ?1 4 -b r id g ed  p h en o ls  (93) i s  
red uced .
R eduction  o f  th e  N - s u b s t i t u t e d  hydroxamic a c id  ( 56 ) would 
th en  y i e l d  th e  amide (7?) which cou ld  be r e a d i l y  h y d ro ly sed  to  
th e  codeinone (77) • The amide (97)? s.s w e l l  as b e in g  a 
p o t e n t i a l l y  p oten t  morphine a g o n is t ,  may a ls o  be. s u i t a b l e  fo r  
fu r th e r  s t r u c t u r a l  m o d if ic a t io n  o f  t h e  s id e  ch a in ,  due t o  t h e
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p resen ce  o f  th e  carbonyl f u n c t io n .
H x ten s iv e  s t u d i e s  on t h i s  r e a c t io n  pathway have shown 
th a t  t h i s  method does in d eed  p rov id e  an e f f i c i e n t  method o f  
p rep a r in g  14f —a cy la m in o co d e in o n es .  The m a jo r ity  o f  th e  
ex p er im en ta l  e f f o r t  vias c o n c e n tr a te d  on th e  compounds w ith  
R = CH^CH^Ph, and a f t e r  th e  r e a c t io n  c o n d i t io n s  had been  
e s t a b l i s h e d ,  th e  scope o f  th e  r e a c t io n  pathway was exten d ed  to  
in c lu d e  compounds w ith  s e v e r a l  d i f f e r e n t  R groups, f o r  use  in  
ph arm aco]og ica l s c r e e n in g  ex p er im en ts ,
2 .3  ( i )  Development o f  th e  N itr o s o c a r b o n y l  Route
The. i n i t i a l  r e a c t io n  shown in  scheme 7 th a t  i s  th e  form ation
o f  th e  th e b a in e -n i t r o s o c a r b o n y l  adduct has been c a r r ie d  out by
■>5 -3)1
o th e r  groups o f  worhers ’ u s in g  e i t h e r  tetraethylammonium  
p e r io d a te  or sodium p e r io d a te  as the o x i d i s e r .  I t  was d ec ided  
t o  c o n f in e  our a c t i v i t i e s  t o  th e  use o f  sodium p e r io d a te  as i t  
was more r e a d i ly  a v a i l a b l e  and, p rov id ed  re.pid s t i r r i n g  was 
m ain ta in ed , h ig h ly  e f f i c i e n t  at o x i d i s i n g  th e  hydroxamic a c id .
The s to ic h io m e tr y  o f  t h i s  o x id a t io n  was s tu d ie d  by adding  
d i f f e r i n g  amounts o f  sodium p e r io d a te  to  acetohydroxam ic a c id  
in  aqueous b u f fe r  at pH 6 and m easuring th e  tim e talcen fo r  
d i s a p p e a r a n c e  o f  t h e  hydroxamic  a c i d ,  a s  d e t e r m in e d  by a c o l o u r  














e q u iv a le n t  o f  sodium p e r io d a te  removed a l l  th e  hydroxamic a c id  
w ith in  10 m in u tes ,  and a h a l f  molar e q u iv a le n t  removed th e  
hydroxamic a c id  w ith in  50 m in u tes .  I t  was t h e r e f o r e  d ec id ed  
t o  employ 1 .5  e q u iv a le n t s  each o f  hydroxamic a c id  and sodium  
p e r io d a te  t o  each molar e q u iv a le n t  o f  th e b a in e .
The n .m .r  spectrum o f  th e  adduct ( 4 6 ; R = CE^CH^Ph) showed 
in  a d d i t io n  to  th e  th r e e  m ethyl s i g n a l s ,  a s i n g l e t  f o r  H-5 
( 8  4*^5) which was s l i g h t l y  broadened due to  th e  very  sm all  
W-type c o u p l in g  o f  H-5 w ith  H-7 ( l e s s  than  1 H z). The 
c h a r a c t e r i s t i c  d ou b let  f o r  H-9 appeared at b 4*90 w ith  a c o u p lin g  
to  H-10& o f  7 Hz, and th e  o l e f i n i c  p ro to n s  PI-7 ( 8 6 .0 0 )  and 
H-8 ( 8  8 .1 5 )  showed th e  normal mutual c o u p l in g  o f  9 R-z. 
Exam ination  o f  the  mass spectrum showed th e  m olecu lar  io n  m/e 474? 
M-OH (457) and th e  base peah (311) due to  th e b a in e ,  presumably  
formed by th e  r e t r o - D ie l s - A l d e r  r e a c t io n .
The adduct ( 4 8 ; R = CH^CH^Ph) was formed in  e f f e c t i v e l y  
q u a n t i t a t iv e  y i e l d  from t h e b a in e ,  w ith  no in d i c a t i o n  o f  
fo rm a tio n  o f  b y -p ro d u cts  a r i s i n g  from th e  th r e e  o th er  p o s s i b l e  
D i e l s —A lder a d d i t io n s .  Two o f  th e s e  can be r u le d  out on s t e r i c  
grounds as approach to  th e  cc fa c e  o f  r in g  G i s  h indered  by 
arom atic  r in g  A, however, form ation  o f  th e  h y p o t h e t i c a l  adduct 
(99) would seem p o s s i b l e .  A lthough s t e r i c  e f f e c t s  may ex er t  a 
c e r t a in  in f lu e n c e  on th e  mode o f  a d d i t io n ,  th e  more l i h e l y  
rea so n  i s  e l e c t r o n i c .  Thus, w ith  the 1 4 - p o s i t io n  o f  th eb a in e
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b e in g  e l e c t r o n  r i c h ,  and th e  n it r o s o c a r b o n y l  s p e c i e s  hav ing  a
s l i g h t  e l e c t r o n  d e f i c i e n c y  on th e  n i t r o g e n  atom, due to  th e
e l e c t r o n  w ithdraw ing e f f e c t  o f  th e  a t ta c h e d  oxygen and carbonyl
group, a d d i t io n  would tak e  p la c e  to  a f f o r d  adduct ( 4 6 ) and not
{ 9 9 ) .  I t  i s  a l s o  p o s s i b l e  th a t  th e  a c t iv e  n i t r o s o c a r b o n y l - s p e c i e s
i s  in  f a c t  th e  r a d ic a l  an ion  (RCO-U—0 ) ,  as was p o s t u la t e d  by
O l iv e r  and W a l t e r s ^  as th e  s p e c i e s  formed during  th e  potass ium
f e r r i c y a n id e  o x id a t io n  o f  hydroxamic a c i d s ,  and t h i s  r a d ic a l
an ion  would add to  th eb a in e  t o  g iv e  u l t i m a t e l y  th e  observed
adduct ( 4 6 )•  T h e r e fo r e ,  a lth ou gh  form ation  o f  th e  c y c lo -a d d u c ts
i s  c o n s id e r e d  to  be a D ie l s - A ld e r  a d d i t io n ,  a more complex
mechanism cannot be r u le d  o u t .
51I n i t i a l  s t u d i e s  on th e  c o n v e r s io n  o f  th e  c y c l i c  adducts  
( 4 6 ) t o  th e  d im ethyl a c e t a l s  ( 96 ) were c a r r ie d  out w ith  ( 4 6 ; R = CH^  
and OCHgPh), and in d ic a t e d  th a t  3 c r i t i c a l  exp er im en ta l  c o n d it io n s  
had to  be obeyed b e fo r e  form ation  o f  th e  d im eth yl a c e t a l s  ( 96 ) 
was a c h ie v e d .  These w e r e j -
a) The s t r e n g th  o f  th e  dry m eth an o lic  hydrogen c h lo r id e
had to  be about 0 .1  K.
b) The tem perature had to  be m ain ta in ed  at 0 °G.
c) The workup c o n d i t io n s  had to  be anhydrous u n t i l  a l l
th e  hydrogen c h lo r id e  had been n e u t r a l i s e d .
Under t h e s e  c o n d i t io n s ,  th e  d im ethyl a c e t a l  ( 96 $ H = CH.) formed
in  hifdi y i e l d ,  but the compound w ith  R = 0CIi„?h a t t a in e d
d
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thermodynamic e q u i l ib r iu m  w ith  on ly  50^ o f  th e  adduct b e in g  
co n v erte d  in t o  th e  d im ethyl a c e t a l .  T h i s  e q u il ib r iu m  -.-as 
proved by su b m it t in g  a sample o f  th e  a c e t a l  t o  th e  same 
r e a c t io n  c o n d i t io n s  and o b ta in in g  th e  same e q u il ib r iu m  
m ixture o f  adduct and a c e t a l .  T h erefore  th e  adducts  ( 4 6 ) and 
a c e t a l s  ( 96 ) were shorn to  be in  thermodynamic e q u i l ib r iu m ,  
th e  p o s i t i o n  o f  which was dependent on th e  natu re  o f  th e  s id e  
ch a in  R. ;
The adduct ( 4 6 ; R = CK^CH^Ph), upon su o m iss io n  to  e s s e n t i a l l y  
th e  same r e a c t io n  c o n d i t io n s  as above, gave th e  d im ethyl a c e t a l  
in  h igh  y i e l d  w ith  none o f  th e  c y c lo -a d d u c t  b e in g  v i s i b l e  in  
th e  n .m .r .  spectrum o f  th e  t o t a l  r e a c t io n  m ix tu re .  T his  
spectrum  c o n ta in e d  th r e e  s i n g l e t s  ( S 3*12, 3 . 5 0 ? s-nd 3*90) 
a s s ig n e d  to  th e  th r e e  m ethyl e th e r  grou ps. The s ig n a l  at 5 3 .9 0  
was a s s ig n e d  to  th e  methoxy group at C-3? as i t  was th e  most 
d e s h ie ld e d  due to  th e  p resen ce  o f  th e  arom atic  r in g  A.
Comparison o f  th e  chem ica l s h i f t s  o f  th e  o th er  two methoxy 
s i n g l e t s  w ith  th o se  o f  th e  an alogous compounds w ith  R = CH., 
and R = OCH^Ph y ie l d e d  th e  f o l l o w i n g  in fo r m a t io n .
C-6 m ethyl e th e r  chem ica l s h i f t s  (6)
H = CH3 3 .2 3  3 .5 0
R = OCEgPh 3 .0 4  3 .4 3
R = CK2CH2Ph 3 .12  3.50
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Ths chem ica l s h i f t  o f  th e  methoxy- s i n g l e t  at c a .  S 3 .5 0  
vias e s s e n t i a l l y  independent o f  th e  nature o f  th e  s id e  ch a in  R, 
w h ile  th e  s i g n a l s  from 8  3 .0 4  t o  3 .2 3  showed a marhed v a r i a t i o n .  
I t  was t h e r e f o r e  p o s tu la t e d  th a t  th e  s i g n a l s  at ca .  S 3 .5 0  
were f u r t h e s t  away from th e  s id e  ch a in  and were th e r e f o r e  
a s s ig n e d  to  th e  C—6 c c p o s i t i o n .  The s i g n a l s  th a t  were dependent 
upon R were assumed to  he on th e  same s id e  o f  r in g  C as the  
s id e  ch a in  and were t h e r e f o r e  a s s ig n e d  to  C-6^.
Comparison o f  chem ica l s h i f t s  o f  th e  H—9 dou blet  ( & 4 .3 2 )  
w ith  th e  co rresp o n d in g  s i g n a l  in  th e  spectrum o f  th e  c y c l i c  
adduct ( 6  4*50) im p lied  th a t  th e  E—9 p roton  was e x p e r ie n c in g  
a la r g e r  s h i e l d i n g  e f f e c t  in  th e  d im ethyl a c e t a l  than i t  was 
in  th e  c y c lo - a d d u c t . Exam ination o f  models show-ed t h a t ,  in  
th e  d im ethy l a c e t a l ,  both th e  carbonyl and IT-OH groups were 
c o n s id e r a b ly  n ea rer  to  th e  H-9 proton  and t h i s  would th e r e f o r e  
e x p la in  th e  s h i e l d i n g  e f f e c t .  I t  was a l s o  c o n s id e r e d  p o s s i b l e  
th a t  t h i s  e f f e c t  was caused  by th e  c l o s e r  p rox im ity  o f  th e  
benzene r i n g  o f  th e  s id e  ch a in  in  th e  d im ethyl a c e t a l ,  but 
t h i s  was d is c o u n te d  as  a s im i la r  change o f  chem ical s h i f t  
was seen  w ith  th e  compounds w ith  R = CH .^
The mass spectrum o f  th e  d im ethyl a c e t a l  ( 9 6 ? R = CHgCH^Pli) 
showed on ly  a weal: m olecu lar  io n  at m/e >^0 6 > but M-OH ( 489 ) 
and 11-CH.,OH (474) were c l e a r l y  v i s i b l e .  Comparison w ith  th e  
mass spectrum o f  th e  c y c l i c  adduct showed th a t  th e  fragment 
h—CI'jh Oil ( correspon d in g  to  the c y c l i c  adduct) fragm ented in
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th e  same manner as b e fo r e ,  g i v i n g  a peal: at II-CIhOH-OH at 457 
and th e  base peal: at 311 due t o  th e b a in e ,  formed by l o s s  o f  
CH^ OH fo llovred  by a r e t r o - D ie l s - A l d e r  r e a c t io n .
The r e d u c t io n  o f  th e  d im ethyl a c e t a l  (967 R = CHgCHgPh) to  
th e  a c e t a l  (97; R = CH^CK^Ph) appeared in  p r i n c i p l e  to  be s im ple  
b u t ,  in  f a c t ,  accou n ted  f o r  th e  m a jo r ity  o f  th e  exp er im en ta l  
e f f o r t  expended on th e  development o f  t h i s  s y n t h e t i c  r o u te .
I t  was i n i t i a l l y  thought th a t  t h i s  r e d u c t io n  co u ld -b e  accom p lished  
u s in g  z in c  in  a c e t i c  a c i d .  T h is  r e a c t io n  was attem pted  and 
formed, in s t e a d  o f  th e  reduced  d im ethy l a c e t a l ,  th e  cy c lo -a d d u ct  
( 4 6 ) .  The same r e a c t io n  was found to  proceed  vrithout th e  
p resen ce  o f  z i n c ,  so th e  r e a c t io n  th a t  was b e in g  observed  was 
m erely  a c e t i c  a c id  c a t a ly s e d  c y c l i s a t i o n  o f  ( 96 ) to  ( 4 6 ) .
Attem pted r e d u c t io n  u s in g  z in c  in  ammonium a c e t a t e  a f fo r d e d  
h igh  r e c o v ery  o f  s t a r t i n g  m a t e r ia l ,  but the  r e a c t io n  o f  z in c  
and ammonium c h lo r id e  y i e l d e d  four  unlenown p ro d u cts ,  p lu s  some 
u n rea c ted  s t a r t i n g  m a t e r ia l .
The r e d u c t io n  o f  th e  d im ethyl a c e t a l  ( 9 6 ; R = CE^CE^Ph) 
w ith  l i th iu m  aluminium hydride y i e l d e d  predom inantly  one 
compound, but t h i s  m a te r ia l  was never p o s i t i v e l y  i d e n t i f i e d .
I t  was p o s tu la t e d  th a t  i n i t i a l l y  th e  carbonyl group would be 
reduced , so c o n v e r t in g  th e  s id e  chain  from a hydroxamic a c id  
in to  a h ydroxylam ine. Whether f u r t h e r  r e a c t i o n  c o n v e r t e d  








spectrum  in  ch loroform  d id  not show any carbonyl a b s o r p t io n ,  and 
a broad a b so r p t io n  cen tr e d  at 3 200 cm""1 was i n d i c a t i v e  o f  th e  
p resen ce  o f  an OK r a th e r  than  an KH group. The n .m .r .  spectrum  
was broad ly  s im i l a r  to  th a t  o f  th e  s t a r t i n g  m a t e r ia l ,  except  
f o r  th e  apparent u p f i e l d  s h i f t  o f  th e  H-9  reson an ce  and an 
u p f i e l d  s h i f t  o f  0 .7  ppm fo r  th e  H-8  d o u b le t .  T h is  compound 
was t e n t a t i v e l y  a s s ig n e d  th e  s t r u c tu r e  (100; X = OK), but a l l  
a ttem p ts  at p u r i f i c a t i o n  were thw arted  by i t s  apparent i n s t a b i l i t y  
when in  c o n ta c t  w ith  s i l i c a .  A lthough th e  n .m .r .  spectrum  
showed th a t  predom inantly  one compound was p r e s e n t ,  t . l . c .  
showed th e  p resen ce  o f  m u lt ip le  p ro d u c ts .
The r e d u c t io n  o f  th e  d im ethyl a c e t a l  R = CE^CH^Ph) v a s
attem p ted  w ith  sodium and l i th iu m  in  l i q u i d  ammonia, but th e  
o n ly  r e c o g n i s a b le  product from t h e s e  r e a c t i o n s  was d ih yd ro -  
th e b a in e -0  ( 1 0 1 ) .  As t h i s  compound i s  th e  major product o f  the  
B irch  r e d u c t io n  o f  th e b a in e ,  th e  d im ethyl a c e t a l  must f i r s t  
have been reduced  to  t h e b a in e ,  which was th en  fu r th e r  reduced  
to  d ih y d r o th o b a in s -0 .
Chromium I I  s p e c i e s  have a l s o  been in v e s t i g a t e d  as  
p o t e n t i a l  r ed u c in g  a g e n ts .  Chromous a c e t a t e  d id  not r e a c t  
w ith  th e  d im ethyl ac et a l  ( 9 6 ) at room tem perature b u t,  at 8p °C 
t h i s  r e a c t io n  y i e l d e d  s e v e r a l  p ro d u c ts ,  none o f  which was 
i d e n t i f i e d .  S im i l a r ly ,  m u lt ip le  products  were formed w ith
















c a ta ljm c ic a l ly  w ith  hydrogen a l s o  f a i l e d  w ith  pa llad ium  and 
copper chrom ite c a t a l y s t s  “b e in g  e q u a l ly  u n s u c c e s s f u l .  There  
was a l s o  l i t t l e  or no apparent r e a c t io n  o f  th e  a c e t a l  ( 9 6 ) w ith  
sodium amalgam, sodium in  e th a n o l ,  and sodium s u lp h i te /s o d iu m  
m e t a h is u lp h i t e ,  i ;h i le  sodium d i t h i o n i t e  y i e l d e d  two compounds 
th a t  were never  i d e n t i f i e d .  An attem pt to  reduce th e  cyc lo-ac lduct  
( 4 6 ) d i r e c t l y  to  th e  a c e t a l  ( 9 7 ) u s in g  t i ta n iu m  t r i c h l o r i d e  in  
dry a c i d i c  methanol a l s o  met w ith  no s u c c e s s ,  y i e l d i n g  on ly  
impure a c e t a l  ( 96 ) .
The r e d u c t io n  o f  th e  a c e t a l  ( 96 ) t o  th e  a c e t a l  (97) was
f i n a l l y  a c h ie v e d  w ith  phosphorus t r i c h l o r i d e ,  which had “been
c 2u sed  p r e v io u s ly  by O chiai^  in  1953 to  e f f e c t  th e  tr a n s fo r m a t io n  
o f  4 -n itr o p y r id in e -IT -o x id e  to  4 - n i t r o p y r i d i n e .  The p o s tu la t e d  
r e a c t io n  mechanism shown in  scheme 8 in v o lv e s  i n i t i a l '  removal 
o f  th e  hydroxamic a c id  proton  by p y r id in e ,  th en  a t ta c k  o f  th e  
r e s u l t i n g  an ion  at th e  phosphorus atom. Change in  o x ia a r io n  
s t a t e  o f  the  phosphorus from I I I  t o  V, w ith  th e  form ation  o f  the  
phosphorus/oxygen  double bond th en  forms phosphorus o x y c h lo r id e  
and p r o to n a t io n  o f  th e  amide r e s id u e  a f f o r d s  th e  reduced  d im ethyl  
a c e t a l  ( 9 7 ) .
The i . r .  spectrum o f  th e  reduced d im ethyl a c e t a l  (97?
R = CHgCHgPh) showed an absorbance at 3 4^0 cm"”  ^ a s s o c ia t e d
w ith  an UK s t r e t c h i n g  v i b r a t i o n .  Exam ination o f  the  n .m .r .  
spectrum showed i t  to  be s im i la r  to  th a t  o f  the  s t a r t i n g  mat r i a l  
but s ..Y eral sm all changes were v i s i b l e .  The IT-methyl and 3
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()—m ethyl reso n a n ces  were in  ap proxim ate ly  th e  same p o s i t i o n s  
but th e  s ig n a l  f o r  H-5 had moved s l i g h t l y  u p f i e l d  . (from 6 4 .8 6  
t o  4 *6 2 ) and th e  sm all W co u p l in g  o f  H-5 H-7 (.ca. -  ^ z ) was
now v i s i b l e .  The dou b let  f o r  K-9, form erly  at 6 4 .3 2  had moved 
u p f i e l d  to  6 4 -1 0 ,  but t h e  s ig n a l  f o r  H-8 . which was exp ected  
to  show some ch em ica l s h i f t  v a r i a t i o n  o n ly  moved u p f i e l d  by 
0 . 1  ppm (from 6 6 .4 0  to  6 . 2 8 ) .  The broad s i n g l e t  exchangeable
w ith  DpO at 6  6 .2 2  was a s s ig n e d  to  th e  !JK proton*
The mass spectrum o f  th a  reduced  a c e t a l  (97; H = CE^CH^Ph) 
showed peaks f o r  th e  m o lecu lar  io n  (m/e 490) and K-CH^OH (4 5 8 ) .  
T h is  fragment (458) appeared to  fragment fu r th e r  by at l e a s t  
two d i f f e r e n t  pathways; by l o s s  o f  th e  s id e  ch a in  PhCH^CH^CO 
to  y i e l d  a fragment at 3 2 5 ? or by l e s s  o f  a methyl group to  
a f f o r d  a fragment a t  443 . The l a t t e r  tr a n s fo r m a t io n  (458 -4 4 3 )  
was supported  by a m e ta s ta b le  peal: ob served  at 429?2 ( c a l c .  
4 2 8 . 5 ) .  The fragment (325) th en  l o s t  a methyl 'roup to  y i e l d  
th e  base peak at 310 w ith  a m e ta s ta b le  peak ob served  at 296 .0  
( c a l c .  2 9 5 . 8 ) ,  w h ile  th e  fragment ( 443 ) ,  upon l o s s  o f  th e  s id e  
ch a in  (PhCH^CH^C), was a l s o  capable  o f  a f f o r d in g  th e  base peak
fragment ( 3 1 0 ) .  F i g .  2 shows a sch em atic  diagram f o r  t h i s
p o s t u l a t e d  fra g m en ta t io n  p r o c e s s .
The mass spectrum a ls o  showed th a t  a t r a c e  o f  c h lo r in a te d  
im p u rity  was p r e s e n t ,  A double m olecu lar  io n  at 524 and 526 
in d ic a t e d  th a t  s u b s t i t u t i o n  o f  a p roton  w ith  a c h lo r in e  to  
form t h i s  compound had taken  s i n c e .  The s t r u c tu r e  o f  t h i s
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compound was n ever  e s t a b l i s h e d ,  b u t ,  a lth ou gh  th e  m ic r o a n a ly t ic a l
d a ta  fo r  th e  reduced  d im eth yl a c e t a l  was very  c l o s e  to  th e
t h e o r e t i c a l  d a ta ,  t . l . c .  on s i l i c a  (m eth a n o l-ch lo ro fo rm , 2 : 8 )
appeared to  show th e  p resen ce  o f  t h i s  im purity  (R_ 0 , 52 )—F
ru nnin g  ju s t  below th e  pure compound (Ek, 0 . 59 )•
The f i n a l  s t e p  in  the  s y n t h e t i c  sequence shown in  scheme 
7 i s  th e  h y d r o ly s i s  o f  th e  reduced  d im eth yl a c e t a l  t o  th e  
cod einone (77; R = CH^CH^Ph). T h is  r e a c t io n  was; r e a d i l y  
a c h ie v e d  by warming th e  a c e t a l  in  d i l u t e  h y d r o c h lo r ic  a c id  and 
methanol f o r  30 m in u tes .  The i . r .  spectrum showed th e  NH and 
- u n s a tu r a te d  keton e  carb ony l s t r e t c h i n g  v i b r a t i o n s  (3 360 and 
1 680 cm ^) w h ile  th e  n .m .r .  spectrum showed l o s s  o f  th e  d im ethyl 
a c e t a l  group. In  a d d i t io n ,  th e  H—7 £nd H- 8  d o u b le ts  had moved 
much c l o s e r  t o g e t h e r  ( 8  6 .0 8  and 6 . 20 ) and th e  H- 9  d ou b let  was 
no lo n g er  v i s i b l e ,  h av in g  presumably moved u p f i e l d  to  be masked 
by o th e r  r e so n a n c e s .  PI-5? hav in g  shown a weak W co u p lin g  to  
H-7 in  th e  d im eth yl a c e t a l ,  now gave a sharper s i g n a l .  The 
mass spectrum showed th e  m o lecu lar  io n  peak ( 4 4 4 )? the  base  
peak ( 229)? and th e  peak at 311 which was a t t r ib u t e d  to  
H-PhCK^CKgGO. The mass spectrum a ls o  showed th a t  th e  t r a c e  o f  
c h o r in a te d  im p u r ity ,  formed as a by-product o f  th e  phosphorus  
t r i c h l o r i d e  r e a c t io n ,  had a l s o  been h y d ro ly sed  and gave a low  
i n t e n s i t y  double m o lecu lar  io n  at 478 and 4-30. Again th e  
m ic r o a n a ly t ic a l  data  d id  not appear to  be in f lu e n c e d  by t h i s  
t r a c e  impuri t y .
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2 .3  ( i i )  P r e p a r a t io n  o f  Samples fo r  P h arm aco log ica l T e s t in g
Having a scer ta in e d ,  th a t  th e  s y n t h e t i c  pathway shown in  
scheme 7 was capab le  o f  a f f o r d in g  th e  14^ -acy lam in ocod ein on e  
(97 ; R = CH2CH2P h ) ,  i t  was d ec id ed  to  u se  t h i s  sequence w ith  
o th e r  hydroxamic a c id s  to  prepare a s e r i e s  o f  analogous  
compounds w ith  d i f f e r i n g  R groups, some o f  which would he 
u sed  in  p h arm aco log ica l t e s t i n g  ex p er im en ts .  The hydroxamic 
a c i d s ,  RCOITHOH, where R = CH^, Ph, CH^Ph, (CH^^Ph and (CE^^CH^
were t h e r e f o r e  prepared  by th e  r e a c t io n  o f  th e  e t h y l  e s t e r s  
o f  th e  r e l e v a n t  c a r b o x y l ic  a c id s  w ith  hydroxylam ine h y d r o c h lo r id e .
The Compounds ( 4 6 * 97* and 77; R = CPh)
The compounds (46 and 96 ; R = had p r e v io u s ly  been
51prepared^ so i t  was d ec id ed  t o  attem pt th e  r e d u c t io n  o f  ( 9 6 ;
R = CI-L^ ) w ith  phosphorus t r i c h l o r i d e .  The r e d u c t io n  r e a d i l y  
a f fo r d e d  th e  reduced  d im eth yl a c e t a l  (97; R = CH-^ ) but as  w ith  
compound (97; R = CHgCP^Ph), a c h lo r in a te d  im p urity  was ob served  
in  th e  mass spectrum . I t  was co n s id ered  th a t  as t h i s  r e a c t io n  
had been a ttem pted  on a much la r g e r  s c a l e  than  th e  p r e v io u s  
r e d u c t io n ,  th e  exotherm ic  nature  o f  th e  r e a c t io n  had caused  
l o c a l  o v e r h e a t in g ,  and t h i s  had favoured  th e  s u b s t i t u t i o n  o f  
c h lo r in e  somewhere in  th e  a lh a lo i d  m o lec u le .  The r e a c t io n  was 
th e r e f o r e  r e p ea te d  w ith  the  tem perature m ainta ined  at 10 °G
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d u rin g  th e  a d d i t io n  o f  th e  phosphorus t r i c h l o r i d e ,  th en  th e  
tem perature was a llo w e d  to  r i s e  t o  20 °C over  10 m in u tes .  T h is
procedure gave a much purer product w ith  on ly  an ex trem e ly
sm a ll  amount o f  th e  c h lo r in a t e d  im pu rity  "being v i s i b l e  in  th e
mass spectrum . The mass spectrum o f  th e  reduced  d im ethyl
a c e t a l  (97; R = CK )^ e x h ib i t e d  a s l i g h t l y  d i f f e r e n t  fra g m en ta t io n  
p a t t e r n  when compared to  (97; R = CH^CH^Ph), w ith  peaks f o r  
11-1 5  (385)?  due pre sumacly to  l o s s  o f  a methyl group, and 25—31 
( 369 ) due to  l o s s  o f  a methoxy group now b e in g  v i s i b l e ,  in  
a d d i t io n  to  th e  peaks p r e v io u s ly  c i t e d .
H y d r o ly s is  o f  t h i s  compound gave th e  codeinone (77; R = OH-,)
which a g a in  was contam inated  by a c h lo r in a t e d  im p u r ity .  The 
s t a r t i n g  m a te r ia l  f o r  t h i s  r e a c t io n  had not been prepared  by 
th e  low 'temperature method and c o n seq u en tly  th e  by-product o f  
th e  phosphorus t r i c h l o r i d e  r e d u c t io n  had been h y d ro ly sed  to  a 
c h lo r in a t e d  codeinone (ll+ 388 and 390) th a t  was not i d e n t i f i e d .
The compounds ( 4 6 , 9 6 , 97» an-cl 77: R = ?h)
The adduct ( 4 6 ; R = ?h) had been p r e v io u s ly  prepared3 and
was formed in  h ig h  y i e l d  from th e b a in e .  The l i t e r a t u r e  m.p. 
o f  t h i s  compound, c r y s t a l l i s e d  from b e n s e n e -p e tr o l  was 170-  
172 °C, w h ile  th e  e x p e r im e n ta l ly  determ ined v a lu e  f o r  t h i s  
m a t e r ia l ,  c r y s t a l l i s e d  from e th y l  a c e t a t e ,  was 162—163 °C.
As th e  n .m . r . ,  i . r . , and mass s p e c t r a l  data  agreed  w ith  th o se  
o f  th e  l i t e r a t u r e , t h i s  d iscrep a n cy  in  m e lt in g  p o in t  was 
co n s id e r e d  to  r e f l e c t  th e  occurrence o f  two d i f f e r e n t  c r y s t a l l i n e
ol
The co n v ers io n  o f  th e  adduct. (461 R = Ph) in to  th e  d im ethyl  
a c e t a l  (965 R = Ph) proved to  he ex trem ely  d i f f i c u l t .  A lthough  
e q u i l ib r iu m  was a t ta in e d  w ith  c a , 37/6 c y c lo —;adduct and ca .  6 yfo 
dim eth y l a c e t a l ,  a l l  a ttem p ts  to  sep a ra te  t h e s e  compounds 
by f r a c t i o n a l  c r y s t a l l i s a t i o n  proved u n s u c c e s s f u l .  S e v e r a l  
chrom atographic system s were employed in  a ttem p ts  t o  se p a r a te  
th e  compounds, and e v e n tu a l ly  p rep a r a t iv e  t . l . c ,  on alumina  
proved  s u c c e s s f u l ,  hut th e  reco v ery  o f  th e  a c e t a l  ( 9 6 ; R = Ph) 
from t h i s  system  was d is a p p o in t in g ly  low . ;
As a sample o f  th e  i s o l a t e d  d im ethyl a c e t a l  ( 9 6 ; R = Ph) 
was i n i t i a l l y  u n a v a i la b le  f o r  r e d u c t io n  to  (97* R = P h ) , 
t h i s  r e a c t io n  was attem pted  on a mixture o f  c y c l i c  adduct and 
d im e th y l’ a c e t a l .  The procedure proved e f f e c t i v e ,  w ith  th e  
phosphorus t r i c h l o r i d e  r e a c t in g  on ly  w ith  th e  d im ethyl a c e t a l  
( 9 6 ; R = Ph) to  y i e l d  th e  reduced s p e c i e s  (97; R = Ph) w ithout  
i n t e r f e r i n g  w ith  the  c y c l i c  adduct. S ep a ra t io n  o f  th e  u n rea cted  
c y c lo -a d d u c t  and reduced d im ethyl a c e t a l  was e a s i l y  a ch iev ed  
by f r a c t i o n a l  c r y s t a l l i s a t i o n ,  y i e l d i n g  the  reduced d im ethyl  
a c e t a l  in  pure form w ith  no t r a c e  o f  any c h lo r in a te d  by-product  
b e in g  observed  in  the  mass spectrum. A c id ic  h y d r o ly s i s  th en  
y i e l d e d  th e  cod einon e.
The Compounds ( 4 6 , 9 6 , 97? and 77* R = CAJPh)
The adduc t  ( 4 6 ; R = CHgPh) was formed in  h i g h  y i e l d  from 
t h e b a i n e  but  t h i s  m a t e r i a l ,  t hough  p u re  by n . m . r .  s p e c t r o s c o p y
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proved to  "be very  d i f f i c u l t  t o  c r y s t a l l i s e .  A specim en,  
abandoned in  th e  r e f r ig e r a t o r  at 0 °C fo r  14 months in  e th y l  
a c e t a t e  -  d i - i s o p r o p y l  e th e r  f i n a l l y  c r y s t a l l i s e d  to  y i e l d  
th e  pure compound.
Opening o f  t h i s  adduct to  th e  d im ethyl a c e t a l  ( 9 6 ; R = 
CH^Ph) occurred  e a s i l y  w ith  the  eq u il ib r iu m  m ixture c o n ta in in g  
o n ly  c a .  10% o f  th e  c y c lo —adduct. The m olecu lar  io n  (492) in  
th e  mass spectrum was hard ly  v i s i b l e ,  but th e  c h a r a c t e r i s t i c  
c r a c k in g  p a t t e r n ,  K-1 7 , 11- 3 2 , and 11-49 T*as p r e s e n t .
R eduction  o f  t h i s  compound y i e ld e d  th e  reduced  d im ethyl  
a c e t a l  (97; H = CHgPh), which aga in  proved d i f f i c u l t  to  
c r y s t a l l i s e .  C r y s t a l l i s a t i o n  was s u c c e s s f u l  a f t e r  p a s s in g  
th e  crude m a te r ia l  through an alumina column, but th e  
m ic r o a n a ly s is  o f  t h i s  compound showed th a t  i t  had c r y s t a l l i s e d  
a p p a ren tly  as  the  h a l f  h y d ra te .  Some ev id en ce  in  favou r o f  t h i s  
id e a  was th a t  a lthough  t h i s  compound m elted  at 164 to  I 65 °C, 
darkening o f  th e  c r y s t a l s  occurred  at 92-93 °G p o s s i b l y  as a 
r e s u l t  o f  l o s s  o f  water from the  c r y s t a l  l a t t i c e .
H y d ro ly s is  o f  the  reduced d im ethyl a c e t a l  to  th e  codeinone  
(77; R = CHgPh) was s u c c e s s f u l ,  but aga in  problems were . 
encou n tered  in  c r y s t a l l i s a t i o n  and th e r e f o r e  th e  y i e l d  f o r  t h i s  
s te p  was on ly  35%. The m.p. o f  t h i s  compound was not sharp  
w ith  c r y s t a l  growth o ccu rr in g  above 207 °C u n t i l  th e  compound 
f i n a l l y  m elted  at 237-240 C.
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The Compounds ( 4 6 , 9 6 , 97, and 77; R = (CHj . P h )
Form ation o f  th e  adduct ( 4 6 ; R = (CKg) Ph) proceeded  
n o rm a lly ,  hut th e  co n v ers io n  o f  t h i s  adduct in t o  th e  d im ethyl  
a c e t a l  was hampered by th e  unfavourable  e q u il ib r iu m  o f  ca .  40$ 
c y c l i c  adduct to  60$ d im ethyl a c e t a l .  S ep a ra t io n  was however 
a c h ie v ed  by f r a c t i o n a l  c r y s t a l l i s a t i o n .
The r e d u c t io n  o f  th e  d im ethyl a c e t a l  gave no c h lo r in a te d  
b y -p r o d u c t , as seen  by mass sp ectrom etry ,  but t . i . c .  d id  in d ic a t e  
th a t  another  im purity  was p r e s e n t .  T h is  compound w e ,s  not . 
i d e n t i f i e d  but i t s  p resence  accounted  fo r  th e  f a i l u r e  o f  the  
m ic r o a n a ly s is  r e s u l t  to  agree w ith  th e  t h e o r e t i c a l  v a lu e .
A ttem pts to  remove t h i s  im purity  by f r a c t i o n a l  c r y s t a l l i s a t i o n  
proved to  be u n s u c c e s s f u l .  H y d ro ly s is  o f  th e  reduced  d im ethyl  
a c e t a l  gave th e  codeinone in  h igh  y i e l d  and th e  by-product  
from th e  phosphorus r e d u c t io n  appeared to  remain in  s o lu t io n  
d u rin g  th e  c r y s t a l l i s a t i o n  o f  th e  f i n a l  produ ct.
The compounds ( 4 6 , 9 6 , 97, s-fld 77• R =
The adduct ( 4 6 ; R = (CH^CK^) formed in  h igh  y i e l d ,  
but a l l  a ttem p ts  at c r y s t a l l i s a t i o n  proved u n s u c c e s s f u l .
Formation o f  th e  d im ethyl a c e t a l  occurred  norm ally  w ith  
e a u i l ib r iu m  b e in g  reached at c a . 30/  ^ c y c lo —aciduct, 70/* 
dim ethyl a c e t a l ,  th e  d im ethyl a c e t a l  b e in g  sep a ra b le  by 












As was th e  case  w ith  th e  d im ethyl a c e t a l  ( 9 6 ; R = (CH^^Ph) 
an im pu rity  appeared to  "be formed d u rin g  th e  r e d u c t io n  which  
was not se p a r a b le  by c r y s t a l l i s a t i o n ,  nor d id  i t  appear in  th e  
mass spectrum  as a c h lo r in a t e d  compound. H y d r o ly s i s  o f  th e  
reduced  d im eth y l a c e t a l  ( 9 7 ; R = (CH^^CH^) was c a r r ie d  out 
s u c c e s s f u l l y  and th e  im p u rity  from th e  r e d u c t io n  s te p  remained  
in  s o l u t i o n  du ring  c r y s t a l l i s a t i o n .  A pure sample o f  th e  
codeinone was t h e r e f o r e  o b ta in e d .
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2 . 4  Some R e a c t io n s  o f  Thebaine C yclo -ad d u cts
During th e  development o f  th e  n i tr o s o c a r b o n y l  r o u te  to  
14^ -a cy la m in o co d o in o n es ,  s e v e r a l  r e a c t io n s  were s tu d ie d  which  
though not d i r e c t l y  in v o lv e d  in  th e  s y n t h e s i s  o u t l in e d  in  
scheme 7> were r e l e v a n t  to  an u n d ers ta n d in g  o f  th e  ch em istry  
o f  th e  c y c lo -a d d u c ts  ( 4 6 ) .
The th e b a in e  adduct ( 4 6 ; R = CH^CH^Ph) was h y d ro ly sed  in  
d i l u t e  a c id  at 0 °C to  g iv e  th e  IT-hydroxycodeinone h y d ro ch lo r id e  
(102: R = CHgCHgPh). The n .m .r .  spectrum was record ed  in  
d e u te r io a c e to n e  at 50 °C due to  s o l u b i l i t y  problem s, and, as  
ex p e c te d  showed a s i g n i f i c a n t  change in  th e  chem ical s h i f t  o f  
th e  s i g n a l  a s s ig n e d  to  th e  H-CH  ^ p r o to n s .  Q u a te r n isa t io n  o f  
th e  n i t r o g e n  had moved t h i s  resonance from i t s  more u su a l  
p o s i t i o n  o f  6 2 . 4 0 , as observed  w ith  th e  d im ethyl a c e t a l  
(go; R = CldCK^Ph), to  6 2 .8 9  whore i t  appeared as a broad  
s ig n a - l . The ad jacen t  sharp s i n g l e t  at 6  3 .0 7  was a t t r ib u t e d
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to  th e  p resen ce  o f  water in  the  d e u te r io a c e to n e .  A s ig n a l  
f o r  H—5 appeared at & 5*08 and d id  not e x h ib i t  s i g n i f i c a n t  W 
c o u p l in g  to  E -7 ,  w h ile  the. o l e f i n i c  p ro ton s  Hr7 and HA-8 
r e s o n a te d  a t  6  6 .1 0  and 6  6 .7 8  r e s p e c t i v e l y  w ith  a c o u p l in g  
o f  10 Hz. The broad s ig n a l  at 5 5*31 was a s s ig n e d  to  th e  
N-OH p ro to n .
Exam ination o f  th e  mass spectrum showed a s tr o n g  m olecu lar  
io n  a t  m/e 4 6 0 , correspond ing  to  the f r e e  b a se .  'This compound 
appeared t o  l o s e  oxygen t o  g iv e  th e  fragment 1.1-16 ( 444 ) and 
th e  s id e  ch a in  (PhGH^CH^GO) was a l s o  l o s t  to  g iv e  a fragment  
at 327 . T his  c o n c lu s io n  was r e in fo r c e d  by th e  occurren ce  o f  
a m e ta s ta b le  peak at 232 .5  ( c a l c ,  fo r  460 —> 3 2 7 ? m/e 232 . 6 ) .  
a d d i t io n a l  peaks were observed  fo r  11-30, 11—29> and LI—57•
Because o f  th e  c lo s e  p rox im ity  o f  th e  ammonium proton  and 
th e  two oxygen atoms on th e  s id e  ch a in ,  v a r io u s  p o s s i b i l i t i e s  
e x i s t e d  fo r  the  in tra m o lecu la r  hydrogen bonding, and th e  
p resen ce  o f  a f r e e  OH (3 575 cm"”1) and hydrogen bonded OH 
(3 300 -  3 500 cm” 1) v ib r a t io n s  in  the i . r .  spectrum confirm ed  
t h i s .  In  a d d i t io n ,  th ere  appeared to  be two carbonyl v ib r a t io n s  
at 1 679 and 1 688 cm” 1 o f  roughly  ecu a l i n t e n s i t y .  T h is  
in fo r m a t io n  tended  to  show th a t  i t  was th e  1T-0H th a t  c o n tr ib u te d  
more to  the  hydrogen bonding w ith  tne  ammonium proton  v i a  a 
6-mernbercd r in g  favoured perhaps by s t e r i c  c o n s id e r a t io n s .
An attempt to  f o r m  the f r e e  base by t r e a t i n g  (102: R = CH^CH^Ph)
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w ith  soaium hydrogen carbonate at room tem perature f o r  one 
m inu te , fo l lo w e d  by e x t r a c t io n  w ith  ch loroform , gave a m ixture  
o f  th e  f r e e  base ,(50$) and th e  phenol (103; R = CH2CH2Ph) ( 5 0 $ ) .
A more e f f i c i e n t  s y n th e s i s  o f  th e  5 ,1 4 -b r id g e d  phenol (103)  
was e f f e c t e d  by t r e a t i n g  th e  codeinone (102: R = CKgCHgPh) 
w ith  sodium e th o x id e  in  e th an o l at room tem p eratu re . The i . r .  
spectrum o f  th e  product showed the  p resen ce  o f  a hydrogen  
bonded OK (3 300 -  3 600 cm and an in t e n s e  carbonyl v ib r a t i o n  
( l  600 -  1 680 cm showed th a t  both carbonyl groups were 
s t i l l  p r e s e n t .  The mass spectrum was i d e n t i c a l  t o  th a t  o f  th e  
hydroxyoodeinone h y d ro ch lo r id e  (102; R = CHgCHgPh) w ith  th e  
m o lecu la r  ion  (460) form ing th e  base peak. T his  im p lie d  th a t  
th e  compounds (102; R = CHgCEgPh), a f t e r  l o s s  o f  hydrogen  
c h lo r id e  and (103; R = CHgCHgPh) were in te r c o n v e r ta b le  in  th e  
mass sp ec tro m eter .
The n .m .r .  spectrum o f  (103; R = CKgCHgPh) co n ta in ed  
th e  c h a r a c t e r i s t i c  H-9 dou blet  ( S 4 . 28 ) w ith  th e  c o u p lin g  
t o  H-lCKof 6 Ez. H-5 and E-7 ( 6 5*20 and 5 .9 5 )  showed th e  
weal: VI c o u p lin g  o f  1 Ez. The o l e f i n i c  p rotons  (E-7 e^d H-8) 
e x h ib i t e d  t h e i r  normal c o u p lin g  o f  9 Hz, but th e  hydroxyl  
p roton  a t ta c h e d  to  0 -4  was not observed , e i t h e r  because o f  
masking bv o th er  s i g n a l s ,  or due to  one j.aco on&t i t  was ver.y 
broad.
I t  was d ecided  to  prepare th e  correspon d in g  compound w ith
(104)
{ 1 0 5 )
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-the d im eth y l a c e t a l  f u n c t i o n a l i t y  at C-6. I t  was ex p ec te d  
th a t  t h i s  r e a c t io n  would "be c o n s id e r a b ly  harder to  e f f e c t  as 
th e r e  was now no s t a b i l i s a t i o n  o f  d e v e lo p in g  n e g a t iv e  charge  
at th e  5 - p o s i t i o n ,  which was form erly  oc to  th e  C-6 keton e  
c a r b o n y l .  Indeed  t h i s  was one o f  th e  r ea so n s  why i t  was 
c o n s id e r e d  d e s ir a b le  to  p r o te c t  th e  C-6 k eton e  carbonyl as  
th e  d im ethy l a c e t a l .  All  attem p ts  to  induce t h i s  c y c l i s a t i o n  
met w ith  f a i l u r e .  S ev e r a l  b a ses  were used  b u t,  even at e l e v a t e d  
tem p era tu re ,  th e  d im ethyl a c e t a l  ( 9 6 ; E = CH^CB^Ph) was s t a b l e  
under b a s ic  c o n d i t io n s .  The compound ( 9 8 ; R = CH^CE^Ph) was 
t h e r e f o r e  n ever  p repared .
One o f  th e  drawbacks o f  th e  n i tr o s o c a r b o n y l  r o u te  was
th e  e x i s t e n c e  o f  th e  e q u il ib r iu m  bet-ween th e  c y c lo -a d d u c ts  ( 4 6 )
and d im ethy l a c e t a l s  ( 9 b ) .  As a method o f  overcom ing t h i s ,  i t
was d ec id ed  to  r e a c t  th e  c y c lo —adduct ( 4 6 ) in  th e  p r esen ce  o f
5^a c i d i c  methanol w ith  sodium cyanoborohydride . T h is  reagent
was known to  reduce d im ethyl a c e t a l s  to  methyl e th e r s  under  
54a c i d i c  c o n d i t io n s  , and i t  was c o n s id e r e d  th a t  form ation  o f  
compounds (104) or (105) vras l i k e l y .  I t  was a ls o  c o n s id e r e d  
p o s s i b l e  th a t  t h i s  red u c in g  agent cou ld  a t ta c k  th e  s u b s t i t u t e d  
hydroxamic a c id  s id e  chain  to  y i e l d  a v a r i e t y  o f  reduced  
s p e c i e s .  T h e r e fo r e ,  as a h ig h ly  s p e c u la t iv e  experim ent, the  
c y c lo -a d d u c t  ( 4 b; R = ClyCH^Ph) in  m eth an o lic  hydrogen c h lo r id e  
was t r e a t e d  w ith  sodium cyanoborohydr ide .
The n . m . r .  spectrum o f  t h e  t o t a l  r e a c t io n  mixture  








formed in  _ca. 50$  y i e l d ,  a lo n g  w ith  an unknown compound.
S e v e r a l  a ttem p ts  to  improve t h i s  r e a c t io n  met w ith  no s u c c e s s ,  
and i t  was con clu d ed  th a t  th e  n u c l e o p h i l i c  c h a r a c te r  o f  th e  
m ethanol was r e s p o n s ib le  f o r  th e  form ation  o f  th e  d im ethyl  
a c e t a l  in  p r e fe r e n c e  to  th e  unknown r e d u c t io n  p rod u ct .
A c c o r d in g ly ,  t h i s  r e a c t io n  was r e p e a te d  at pH 3 u s in g  
te tr a h y d r o fu r a n  as th e  s o lv e n t  and proved to  he im m ediate ly  
s u c c e s s f u l ,  w ith  th e  unknown compound form ing in  h ig h  y i e l d .
T h is  compound was shown to  have th e  s t r u c tu r e  (106$ R = CH^CH^Ph).
The i . r .  spectrum o f  th e  o x a s o l id in e  (106; R = CHgCH^Ph) 
showed th a t  an OH was p r e se n t  (3 288 cm” ^) hut th e  carbonyl  
v ib r a t i o n  was a b s e n t .  The medium i n t e n s i t y  v ib r a t i o n  at 1 659 
cm  ^ was a t t r ib u t e d  to  C=C. In th e  mass spectrum , th e  m o lecu lar  
io n  appe.ared at m / e  476 and th e  base peak was ob served  at 11-18 
( 4 5 8 ) ,  presumably formed by l o s s  o f  w ater . A peak was ob served  
at M-2 (474) and t h e r e a f t e r ,  severed, fragm ents appeared  
s e p a r a te d  by two mass u n i t s .  Por example, 11—31 (445)> ( II—2) —31 
(443) corresp on d in g  to  l o s s  o f  CH.,0 and H-121 (355) > (H -2 )-121  
(3 5 3 ) .  In  a d d i t io n  a peal: was ob served  at II—17 (459) corresp on d in g  
t o  l o s s  o f  OH and th e  base peal: (458) appeared to  fragment to  
a peak at 402 .  T h is  was supported  by a m e ta s ta b le  io n  ob served  
at 3 5 3 .0  ( c a l c .  3 5 2 .9 ) .
The n .m .r .  spectrum co n ta in ed  th r e e  reso n a n ces  due to  th e  
methyl groups, th e  H-methyl at 6 2 .3 9  and th e  0 -m eth y ls  at 
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double d ou b le t  w ith  a c o u p l in g  o f  2 Hz to  H- 8  and £ a .  1 Hz to  
H-5. I r r a d ia t i o n  o f  H-5 ( S  4*95) caused  t h i s  s ig n a l  t o  sharpen  
t o  a d ou b let  (_J = 2 Hz) and s i m i l a r l y ,  i r r a d i a t i o n  o f  H—7 
removed th e  1 Hz c o u p l in g  in  the  s ig n a l  f o r  H-5* The dou b let  
at 8 4*58 was a s s ig n e d  to  H-8 , which cou p led  to  H-7 by 2 Hz.
H-17 gave a q u a r te t  cen tr e d  at 6 4 .7 4  vrith a co u p l in g  o f  4 Hz 
and 7 Hz to  th e  two a d jacen t  p ro ton s  at C-18. An a d d i t io n a l  
sm all  c o u p l in g  o f  l e s s  than  1 Hz was observed  between H-17 and 
K-8 . T h is  was confirm ed by i r r a d i a t i o n  o f  E- 8  c a u s in g  a . 
sh arp en in g  o f  th e  H-17 q u a r te t .  The H-9 d ou b let  was not observed  
b e in g  masked by o th e r  reso n a n ces  in  th e  r e g io n  o f  8 3 . 0 , and 
th e  broad s i n g l e t  at 6  6 .4 7  was a s s ig n e d  to  th e  N-OH p roton .
The proposed mechanism fo r  t h i s  r e a c t io n  i s  shown in  scheme 
9 . Thus th e  r e d u c t iv e  s t e p  probably occu rred  by a t ta c k  o f  a 
hyd ride  io n  a t  th e  in te r m e d ia te  (107; R = CH^CH^Ph). In  th e  
o r i g i n a l  exp erim en ts  conducted in  a c i d i c  methanol a t t a c k  o f  
methanol at th e  6- p o s i t i o n  o f  ( 46 a; R = CE^CH^Ph) would e x p la in
th e  form ation  o f  th e  d im ethyl a c e t a l  ( 9 6 ; R = CH CH^Ph). A
55Search  o f  the  l i t e r a t u r e  r e v e a le d  th a t  th e  r e a c t io n  o f  
sodium cyanoborohydride w ith  p ro to n a ted  n i t r o n e s ,  as shown in  
scheme 10 was known, so le n d in g  c r e d i b i l i t y  to  th e  mechanism 
shown in  scheme 9*
The s te r e o c h e m is tr y  at C-17 o f  the  o x a z o l id in e  ( 106 ;











peaks f o r  H-17 i n  th e  n .m .r .  spectrum in d ic a t e d  th a t  one isom er  
had "been formed. The a t ta c k  o f  th e  hydride io n  at th e  in te r m e d ia te  
(107; E = CH2CH2Ph) in  scheme 9 cou ld  occur from e i t h e r  s id e  
o f  th e  o x a z o l id in e  r i n g  and presum ably, a t t a c k  from th e  l e s s  
h in d ered  s id e  y i e l d e d  th e  product observed  by n .m .r .  s p e c tr o s c o p y .  
However, exam ination  o f  models d id  not c l a r i f y  t h i s  problem, so 
th e  s t e r e o c h e m is t r y  remained u n dec id ed .
. The mechanism shown in  scheme 9 in v o lv e s  form ation  o f  th e  
in te r m e d ia te  (107; R = GH^CH^Ph) as th e  i n i t i a l  s t e p .  In  an 
attem pt to  v e r i f y  i f  t h i s  rearrangement cou ld  be ob served  
s p e c t r o s c o p i c a l l y ,  th e  c y c l i c  adduct ( 4 6 ; R = CHgCH^Ph) was 
d i s s o l v e d  in  t r i f l u o r o a c e t i c  a c id  c o n ta in in g  Y p  c o n c e n tr a te d  
s u lp h u r ic  a c id  and th e  n .m .r .  spectrum reco rd ed . The spectrum  
s u g g e s te d  th a t  one compound had been formed which was e i t h e r  
th e  n i t r o n e  (108) o f  i t s  t r i f l u o r o a c e t a t e  s a l t .  T h is  compound 
degraded r a p id ly  in  th e  n .m .r .  sp ec tr o m e te r ,  and b y -p rod u cts  
were v i s i b l e  w ith in  15 m in u tes .  The s a l i e n t  f e a t u r e s  o f  t h i s  
spectrum were th e  d o u b le ts  fo r  E-7  ( c 4 . 7 2 ) and E- 8  ( 8 5 *69 ) ,  
showing a c o u p l in g  c o n sta n t  o f  3 Hz. H-5 appeared as a s l i g h t l y  
broadened s i n g l e t  at 6  5*40. The 3 Hz c o u p l in g  between PI-7 
and H- 8  was very  c l o s e  to  th a t  observed  fo r  th e  o x a z o l id in e  
(106; R = CHgCK^Ph) (2 Hz) ,  im p ly in g  th a t  both  compounds had 
a s im i l a r  angu lar r e l a t i o n s h i p  between H-7 and H-8 .
An attem pt was made to  remove the  OH group o f  the H -hydrory-  
o x a z o l id in e  (106; R = GH CH^Pk) by r e d u c t io n  w ith  l i th iu m
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aluminium h y d r id e .  T his  r e a c t io n  gave fo u r  p rod u cts  as seen  
hy t . l . c . ,  and p r e p a r a t iv e  t . l . c .  vras u sed  to  s e p a r a te  th e  
major component. A c r y s t a l l i n e  compound was o b ta in ed  in  low  
y i e l d  from t h i s  r e a c t i o n ,  m.p.  I 85- I 87 °C. The n .m .r .  spectrum  
v/as r e m in isc e n t  o f  th e  s t a r t i n g  m a te r ia l  hut d id  not c o n ta in  
a s i g n a l  due to  th e  H-GH  ^ p r o to n s .  S e v e r a l  sm all s i g n a l s  in  
th e  r e g io n  6 4«0 to  5*0 im p lie d  th a t  th e  fu se d  r in g  system  was 
s t i l l  i n t a c t ,  hut th e  mass spectrum c o n ta in e d  a m o lecu la r  io n  
at m/e 476 ,  th e  same as th a t  o f  th e  s t a r t i n g  m a te r ia l .  No 
r e d u c t io n  cou ld  t h e r e f o r e  have taken  p la c e ,  hut a rearrangement  
t o  t h i s  u n i d e n t i f i e d  product seemed l i k e l y .
During e a r l i e r  work on th e  r e a c t io n s  o f  th e h a in e  w ith  
d in i t r o g e n  t r i o x i d e  and m es ity le n e su lp h o n y lh y d ro x y la m in e ,  
N -henxyloxycarhon3rln o r th e h a in e  had been prepared  ( s e e  ch a n ters  
2 .1  and 2 . 2 ) .  I t  was d ec id e d  to  attem pt th e  form ation  o f  some 
c y c lo -a d d u c ts  o f  N -h en zy loxycarh o iiy ln orth eh a in e  . ( 108a) , t o  s e e  i f  th e  
extended  a r y l  ch a in  on th e  n i t r o g e n  atom b lock ed  th e  approach  
o f  th e  n i t r o s o c a r b o n y l - s p e c i e s .
The r e a c t io n  o f  N -b en zy loxycarb on y ln orth eb a in e  w ith  
N - ( 3-phen y lp rop an oy l)h ydroxy lam in e  in  th e  p resen ce  o f  sodium 
p e r io d a te  formed th e  c y c lo -a d d u c t ,  analogous to  (467 R = CHpCHp?h). 
A ll  a ttem p ts  t o  c r y s t a l l i s e  t h i s  m a te r ia l  f a i l  d, hut th e  n . m. r .  
spectrum o f  th e  crude compound was s im i la r  to  th e  adduct ( 4 6 ’,
?l = GH^GH^Ph) except f c r  th e  lo s s  o f  th e  N-raothyl s i g n a l , a change 
o f  chem ical s h i f t  o f  Ii-9  and the  s h i f t  o f  th e  s i g n a l s  due to
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th e  carbamate moieiiy.
T h is  r e a c t io n  u n fo r tu n a te ly  d id  not prove t o  be g e n e r a l .
The fo rm a tio n  o f  th e  c y c lo -a d d u c t  o f  N -b e n z y lo x y ca rb o n y ln o rth eb a in e  
and th e  n i t r o s o c a r b o n y l  s p e c i e s  d e r iv e d  from acetohydroxam ic  
a c id  was u n s u c c e s s f u l .  E xam ination  o f  th e  r e a c t io n  p r o g r e s s  
by t . l . c .  showed th a t  on ly  s t a r t i n g  m a te r ia l  was p r e s e n t .
Large e x c e s s e s  o f  acetohydroxam ic a c id  and sodium p e r io d a te  were 
e v e n t u a l ly  added, but none o f  th e  d e s ir e d  c y c lo -a d d u c t  was
t
o b serv ed .
2 .5  Improvements to  th e  n i t r o s o c a r b o n y l  Route
The n i t r o s o c a r b o n y l  r o u te  fo r  th e  p r e p a r a t io n  o f  
14^ -a cy la m in o co d e in o n es  as shown in  scheme 7 s u f f e r e d  from  
two d is a d v a n ta g e s ,  namely, th e  e x i s t e n c e  o f  th e  e q u il ib r iu m  
between th e  adducts  ( 4 6 ) 2-nd th e  d im eth y l a c e t a l s  { 9 6 ) ,  and 
form a tio n  o f  im p u r i t i e s  d u r in g  th e  phosphorus t r i c h l o r i d e  
r e d u c t io n .  These problems have now both been overcome.
The problem o f  e q u i l i b r a t i o n  in  th e  second s te p  in  th e  
s y n t h e s i s  shown in  scheme 7 was s o lv e d  b - c o n v e r t in g  th e  c y c l o -  
adduct s ( 4 6 )  i&to th e  e th y le n e  k e t a l s  ( 109) r a th e r  than  th e  
dim eth yl a c e t a l s  { y 6 ) , T h is  id e a  stemmed from th e  work o f  
D .l la c le a n ^  on th e  th e b a in e /  2 , 2 , 2- t r i c h l o r o e t h y l  n itr o s o fo r m a te  
adduct ( 5 7 ) ( s e e  p . 20 ) .
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w ith  anhydrous g l y c o l i c  hydrogen c h lo r id e  in  m ethylene c h lo r id e  
at room tom perature gave th e  e th y le n e  k e t a l s  (109^ R = Ph and 
CHgCHgPh) in  v i r t u a l l y  q u a n t i t a t iv e  y i e l d .  The f o l l o w i n g  
d i s c u s s i o n  o f  th e  s p e c t r a l  c h a r a c t e r i s t i c s  o f  th e  e th y le n e  k e t a l s
(109) s h a l l  he c o n f in e d  to  th e  compound w ith  R = CH^CH^Ph.
The compound w ith  R = Ph hehaved in  a s im i la r  manner.
The i . r .  spectrum o f  th e  e th y le n e  k e t a l  (109? P = CH CH^Ph) 
showed th e  p resen ce  o f  an OH (3 270 cm"”'*’) and a 'carhonyl 
( l  639 cm group, w h ile  th e  n .m .r .  spectrum was s im i l a r  to  
th a t  o f  th e  d im ethyl a c e t a l  ( 96? P = CH^CK^Ph), excep t  f o r  th e  
l o s s  o f  th e  two sharp s i n g l e t s  a s s ig n e d  to  th e  C-6 methoxy 
groups and th e  in t r o d u c t io n  o f  a m u l t i p l e t ,  c en tre d  at 6 4*1.> 
a s s ig n e d  to  th e  p ro ton s  o f  th e  e th y le n e  k e t a l  m o ie ty .  In  
a d d i t io n ,  a sm all e x tr a  c o u p l in g  was now observed  between H-9 
and H-10^S o f  ca ,  1 Hz, which was not d i s t in g u i s h a b l e  b e fo r e .
The mass spectrum c o n ta in e d  a prominant m o lecu lar  io n  at m/e 
504 and was c o n s id e r a b ly  d i f f e r e n t  from th a t  o f  th e  d im ethyl  
a c e t a l  ( 9 6 ; R = CH^CK^Ph). The spectrum o f  th e  d im eth yl a c e t a l  
was dominated by i n i t i a l  l o s s  o f  methanol and r e c y c l i s a t i o n  to  
th e  c y c lo -a d d u c t  ( 4 6 ) ,  which th en  underwent a r e t r o - D ie l s - A l d e r  
r e a c t io n  to  form th e b a in e .  T his  p r o c e s s  was not p o s s i b l e  w ith  
th e  e th y le n e  k e t a l  and th e  spectrum “ as co n seq u en tly  more 
complex, w ith  peaks b e in g  ob served  at II—-16, 11—17? II—61 and 
k -7 4 .
8 0
During s t u d i e s  on th e  r e d u c t io n  o f  model compounds ( s e e  
p . 89 ) ,  i t  was d is c o v e r e d  th a t  th e  s u b s t i t u t e d  hydroxamic a c id s
(110) co u ld  he e f f i c i e n t l y  reduced  to  th e  amides ( i l l )  "by 
d i s s o l v i n g  them in  p y r id in e  s a tu r a te d  w ith  su lphur d io x id e  
and h e a t in g  under r e f l u x  fo r  one hour. U s in g  t h i s  re d u c in g
system , th e  e th y le n e  K e ta ls  (109; R = Ph and CHgCH^Ph) were
reduced  c l e a n ly  to  th e  k e t a l s  (112; R = Ph and CEpCH^Ph),
T h is  r e a c t io n  gave a purer product th an  d id  th e  phosphorus  
■ tr ich lo r id e  r e d u c t io n ,  as observed  by t . l . c .
The i . r . s p e c t r u m  o f  th e  reduced  e th y le n e  K eta l (112; R = 
CHgCEgPh) c o n ta in e d  bands fo r  an NE (3 440 cm ^) and an amide 
carbonyl ( l  663 cm "*") group. The n .m .r .  spectrum was, as 
e x p e c te d ,  s im i la r  to  th a t  o f  th e  d im ethy l a c e t a l  (97* R = CH^CE^Ph) 
w ith  th e  s u b s t i t u t i o n  o f  th e  m u l t ip le t  due to  th e  e th y le n e  
k e t a l  group ( <S 4*0) fo r  th e  two C—6 methoxy s i n g l e t s .  The
s i g n a l  fo r  PI-9 had moved u p f i e l d  from b 4 .10  to  6 3*41 &ud
now showed a d d i t io n a l  c o u p l in g  o f  ca .  1 Hz to  E-10 [3 and H-5 
no lo n g e r  shovred th e  W c o u p lin g  to  H-7. Exam ination o f  th e  
mass spectrum showed a s tr o n g  m olecu lar  io n  at m/e 488 w ith  
prominent peaks f o r  H-PhCE^CH^CO (355) an& II-148 ( 3 4 0 ) .  The 
peak at 443 corresp on d in g  to  E-45 cou ld  have been formed by 
l o s s  o f  CH-.CH^O. Suect.ros c o n ic  d e t a i l s  f o r  th e  compound (112',
R = Ph) were e s s e n t i a l l y  th e  same, w ith  th e  mass spectrum  












The mechanism proposed fo r  t h i s  r e d u c t io n  i s  shown in  scheme 
11 , and i s  s im i l a r  to  th a t  o f  th e  phosphorus t r i c h l o r i d e /  
p y r id in e  r e d u c t io n .  A f te r  i n i t i a l  removal o f  th e  a c i d i c  
p roton  hy p y r id in e ,  th e  r e s u l t i n g  an ion  (113) a t ta c k s  th e  su lp hu r  
d io x id e  m olecu le  to  form th e  in te r m e d ia te  ( 1 1 4 ) .  O x id a t io n  
o f  su lphur d io x id e  to  su lphur t r i o x i d e  th en  e j e c t s  th e  amide 
r e s id u e  ( 115) which ca p tu res  a p roton  from p y r id in e  h y d ro ch lo r id e  
t o  form th e  amide ( 1 1 2 ) .  A more co m p lica ted  mechanism 
in v o lv i n g  th e  form ation  o f  a su lphur d io x id e / p y r id in e  complex  
i s  a l s o  p o s s i b l e .  T h is  r e a c t io n  on ly  proceeded  at e l e v a t e d  
tem p era tu res  -while th e  phosphorus t r i c h l o r i d e  r e d u c t io n  cou ld  
he s u c c e s s f u l l y  c a r r ie d  out a t  10 °C. A p o s s i b l e  rea so n  f o r  t h i s  
i s  th e  tend en cy  f o r  phosphorus t o  form a double bond w ith  oxygen  
i s  c o n s id e r a b ly  g r e a te r  th a n th a t  f o r  form ation  o f  a su lp h u r /  
oxygen double bond.
The r e d u c t io n  o f  th e  e th y le n e  k e t a l s  (112; R = Ph and 
CHgCHgPh) was a l s o  s u c c e s s f u l l y  c a r r ie d  out w ith  th e  former  
re d u c in g  system  o f  phosphorus t r i c h o r id e  in  p y r id in e .  I 11 
both  c a s e s ,  th e  product from th e  su lphur d io x id e / p y r id in e  
r e a c t io n  was o f  h ig h er  p u r i ty  and th e  y i e l d  o f  reduced  e th y le n e  
k e t a l  was a l s o  g r e a te r .
H y d r o ly s is  o f  th e  e th y le n e  k e t a l s  (112; R = Ph and GH^GH^Ph) 
was e f f e c t e d  u s in g  th e  same c o n d it io n s  as th o s e  fo r  the  





1 4 ^ -acy lam in ocod e in on es  ( 7 7 ) .  Both t h e s e  compounds were purer  
than  th o s e  p repared  by r e d u c t io n  o f  th e  d im eth yl a c e t a l s  w ith  
phosphorus t r i c h l o r i d e ,  as dem onstrated  hy t h e i r  s l i g h t l y  
h ig h er  m e lt in g  p o in t s  and la c k  o f  im p u r i t i e s  v i s i b l e  by t . l . c .
The p r e p a r a t io n  o f  th e  1 4 f -a c y la m in o c o d e in o n e s , (7 7 ? ’ R •= Ph 
and CH^CE^Ph) was a l s o  c a r r ie d  out u s in g  t h i s  s y n t h e t i c  r o u te  
w ith ou t i s o l a t i o n  o f  in te r m e d ia te s  so as to  maximise th e  o v e r a l l  
y i e l d  f o r  th e  r e a c t io n  seq u en ce .  A cco rd in g ly  th e  th e b a in e  
adducts  ( 4 6 ) were formed and con verted  d i r e c t l y  in t o  th e  e th y le n e  
k e t a l s  ( 109 ) w ith ou t p r io r  c r y s t a l l i s a t i o n  o f  th e  ad ducts  ( 4 6 )•  
The crude e th y le n e  k e t a l s  (109) were h eated  w ith  su lphur d io x id e  
in  p y r id in e  fo r  30 m in u tes ,  th e n ,  to  t h i s  m ixture was added 
d i l u t e  h y d r o c h lo r ic  a c id  and th e  m ixture was h ea ted  fo r  a fu r th e r  
30 m in u tes .  Thus, r e d u c t io n ,  fo l lo w e d  by h y d r o ly s i s  to  t h e  
codeinone had been combined in to  one s t e p .  The co d e in o n es  (77)  
were prepared  by t h i s  method in  g r e a te r  than  6Oft y i e l d  from 
t h e b a in e .
As th e  re d u c in g  system  o f  su lphur d io x id e  in  p y r id in e  had 
proved so s u c c e s s f u l  w ith  th e  e th y le n e  k e t a l s ,  i t  was d ec id ed  
to  attem pt th e  r e d u c t io n  o f  th e  d im ethyl a c e t a l s  ( 9 6 ? 3 = Ph 
and 0HoCH2Ph) w ith  t h i s  r e a g e n t .  The d im ethyl a c e t a l  ( 9 6 ? P. = 
CH^CK^Ph) was t h e r e f o r e  h ea ted  w ith  su lphur d io x id e  in  p y r id in e  
b u t,  s u r p r i s i n g l y , i t  y i e ld e d  the o x a s o l in e  ( U p -  3 = CE.^CH^Ph) 


















CH^CH^Ph). Assignment o f  t h i s  s t r u c tu r e  was a s s i s t e d  by
com parison o f  th e  s p e c t r a l  d a ta  w ith  th a t  o f  th e  compound ( 1 1 5 ;
R = P h ) , which had "been prepared  p r e v io u s ly  by D. M cDougal^
in  low y i e l d  hy th e  r e d u c t io n  o f  th e  c y c lo -a d d u c t  (465 R = Ph)
w ith  z in c  in  a c e t i c  a c id .
The o x a z o l in e  (115; R = CK^CIi^Ph) e x h ib i t e d  hands in  th e
i . r . s p e c t r u m  a s s o c i a t e d  w ith  C=C and C=N ( l  662 and 1 649 cm” '*')
w h ile  th e  n .m .r .  spectrum was r e m in isc e n t  o f  th e  H-hydroxy-
o x a z o l id in e  (106). The most s t r i k i n g  f e a tu r e  o f  th e  n .m .r
spectrum  was th e  H- 8  d ou b le t  at G 4 .4 5  cou p led  to  E—7 by 3 Hz,
and th e  H-7 dou b let  at 6 4 -57  cou p led  to  H- 8  by 3 Hz, w ith  an
a d d i t io n a l  sm all a l l y l i c  c o u p l in g  to  H-5 ( & 4 *8 2 ) o f  l e s s  than
1 Hz. I t  was i n t e r e s t i n g  to  note  th a t  th e  o x a z o l in e s  (115)
were th e  on ly  compounds in  which H-7 was fu r th e r  d ow n fie ld
th an  H-8 . The mass spectrum c o n ta in e d  th e  m olecu lar  io n  (m/e
458) an(d peaks at M—15? M-133? and M—148 . A m eta s ta b le  peak
observed  at 231 corresponded  to  th e  l o s s  o f  133 (PhCK CHgCO)
from th e  m olecu lar  io n .  To v e r i f y  th a t  t h i s  compound d id  indeed
have th e  o x a z o l id in e  s t r u c t u r e ,  r e d u c t io n  o f  the  d im ethyl a c e t a l
( 9 6 ; R = Ph) was performed w ith  su lphur d io x id e  in  p y r id in e
and y i e l d e d  th e  o x a z o l in e  ( 11 5 ; R = PH)? "the s p e c t r a l  data
■-7and m e lt in g  p o in t  o f  which agreed  w ith  th e  l i t e r a t u r e
The proposed  mechanism o f  t h i s  r e a c t io n  i s  shown in  scheme 
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d io x id e  to  form th e  in te r m e d ia te  ( 1 1 7 ) .  C y c l i s a t i o n  o f  th e  
compound (117) w ith  conseq uent l o s s  o f  methanol y i e l d s  th e  
o x a z o l in e  ( 1 1 5 ) .  With th e  e th y le n e  k e t a l s  shown in  scheme 
1 1 ,  i t  i s  not p o s s i b l e  f o r  th e  l e a v in g  group t o  d e t a t c h  
i t s e l f  from th e  6 - p o s i t i o n  so r e - c y c l i s a t i o n  to  th e  e th y le n e  
k e t a l  w ith  con com itant r e o p e n in g  o f  th e  o x a z o l in e  r i n g  c o u ld  
o c c u r .  In  a d d i t i o n ,  f i v e  memhered r i n g  k e t a l s  are  s l i g h t l y  
more s t a b l e  th an  th e  d im eth y l a c e t a l s  and so t h i s  'e x cess  
s t a b i l i t y  may be a c o n tr ib u ta r y  f a c t o r  in  th e  fo rm a t io n  o f  
red u ced  e th y le n e  k e t a l s  (112)  or o x a s o l i n e s  ( 115) .
The o x a s o l in e s  (115? R = Ph and CE^CH^Ph) were r e a d i l y  
h y d r o ly se d  to  th e  1 4 3 -a cy la m in o co d e in o n es  (77 )?  w ith  th e  
melting'- p o in t  and s p e c t r a l  d a ta  a g r e e in g  w ith  th e  v-alues  
a lr e a d y  o b ta in e d  f o r  th e  same compounds prepared  by d i f f e r e n t  
ro u t  e s .
P ig u re  3 summarises th e  r e a c t io n s  th a t  have been s t u d ie d  
based  on th e  ad ducts  o f  t h e b a in e ,  w ith  n i t r o s o c a r b o n y l  
compounds.
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2 .6  S tu d ie s  on Model Compounds
The key s te p  in  th e  n i t r o s o -c a r b o n y 1 r o u te  to  1 4 ^ - a c y l -
am inocodeinones was th e  r e d u c t io n  o f  th e  d im ethyl a c e t a l s  ( 96 )
or e th y le n e  k e t a l s  ( 109) w ith  phosphorus t r i c h l o r i d e  or su lphur
d io x id e  in  p y r id in e .  As t h e s e  r e d u c t io n s  were p r e v io u s ly
unknown, i t  was d ec ided  to  apply th e s e  r e d u c in g  system s to  th e
r e d u c t io n  o f  some sim ple  s u b s t i t u t e d  hydroxamic a c i d s ,  and so
a s c e r t a i n  th e  g e n e r a l i t y  and scope o f  th e  r e a g e n t s .
The model compounds used  were as shown in  f ig u r e  4 a-nd were
chosen  because o f  t h e i r  d i f f e r e n t  ty p e s  o f  a lk y l  and a ry l
s u b s t i t u e n t s  and t h e i r  ease  o f  p r e p a r a t io n .  In a d d i t io n ,  t h e s e
hydroxamic a c id s  were a l l  c r y s t a l l i n e  s o l i d s  and th e  corresp on d in g
amides were a l s o  e a s i l y  prepared c r y s t a l l i n e  s o l i d s .  A ttem pts
t o  make c y c l i c  hydroxamic a c id s  such as l -h y d r o x y -2 -p ip e r id o n e
56by th e  l i t e r a t u r e  method were u n s u c c e s s f u l .
Three d i f f e r e n t  r e a g e n ts  were used  f o r  t h e s e  r e d u c t io n s .
Phosphorus t r i c h l o r i d e  in  p y r id in e  had been used  s u c c e s s f u l l y
in  the  r e d u c t io n  o f  the  d im ethyl a c e t a l s  (9'6), but su lphur
d io x id e  in  p y r id in e , p r e v io u s ly  used  fo r  th e  r e d u c t io n  o f  arom atic  
57H -o x id es  had n ever  been a p p l ie d  to  th e  problem o f  red u c in g  
hydroxamic a c id s .  3y analogy w ith  the  phosphorus t r i c h l o r i d e  
r e a c t io n ,  su lphur d io x id e  was thought to  be capable o f  
perform ing  t h i s  r e d u c t io n .  I t  was a l s o  d ec id ed  to  attem pt
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th e  r e d u c t io n  of* th e  hydroxamic a c id s  w ith  "borane in  te tr a h y d r o — 
fu r  an.
The r e s u l t s  of* t h e s e  experim ents  are shown in  f ig u r e  4»
I t  i s  im m ediate ly  obvious th a t  th e  most e f f i c i e n t  method o f  
re d u c in g  hydroxamic a c id s  to  amides u t i l i s e d  su lphur d io x id e  
in  p y r id in e  under r e f l u x .  The on ly  problem observed  w ith  th e s e  
r e d u c t io n s  was th e  low y i e l d  (18$) fo r  th e  co n v ers io n  o f  
N -a ce ty l-h -b e n z y lh y d r o x y la m in e  (120) in to  b en z y la c e ta m id e , 
even a f t e r  20 hours h e a t in g  under r e f l u x .
The r e d u c t io n s  u s in g  phosphorus t r i c h l o r i d e  in  p y r id in e  
gave d is a p p o in t in g  r e s u l t s ,  w ith  N -benzoyl-!T -benzylhydroxyl-  
amine ( 119) b e in g  th e  on ly  hydroxamic a c id  to  y i e l d  a c r y s t a l l i n e  
p rod u ct .;  On a d d i t io n  o f  th e  phosphorus t r i c h l o r i d e  to  th e  
hydroxamic a c id  an immediate brown c o lo u r a t io n  was produced.
I t  was i n t e r e s t i n g  to  note th a t  IT-acetyl-IT-phenylhydroxylamine  
( 1 2 0 ) ,  though on ly  p a r t i a l l y  reduced by su lphur d io x id e  in  
p y r id in e ,  was a p p aren tly  not reduced by phosphorus t r i c h l o r i d e  
in  p y r id in e .
The r e a c t io n  o f  hydroxamic a c id s  w ith  b o r a n e /te tr a h y d r o -  
furan  complex was a l s o  s tu d ie d ,  but i t  was ex p ected  th a t  th e  
borane would i n i t i a l l y  reduce th e  carbonyl group to  a m ethylene  
group. Whether the hydroxylamine would be reduced fu r th e r  to  th e  
amine was not hnown. The r e s u l t s  shown m  f ig u r e  4 were 
i n c o n s i s t e n t  in  terms o f  product formed and y i e l d ,  w ith  the
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o n ly  e f f i c i e n t  r e d u c t io n  "being th a t  o f  M -a c e ty l-N -p h e n y l-  
hydroxylam ine in t o  IT-ethyl a n i l i n e . R eduction  o f  both  o f  th e  
b enzoy lhydroxy lam ines  on ly  gave low y i e l d s  o f  th e  b en zy lam in es .
The most p u z z l in g  example was th a t  o f  th e  r e d u c t io n  o f  
N -benzoy l-H -b en zy lh yd roxy lam in o , which, by an alogy w ith  th e  
th r e e  o th er  borane r e d u c t io n s ,  was exp ected  to  g iv e  d ib e n z y l -  
amine (m .p. — 26 °C ). The product from t h i s  r e d u c t io n  r e a d i ly  
c r y s t a l l i s e d  to  y i e l d  c o l o u r le s s  n e e d le s ,  m.p. 117-119 °C.
T h is  in c o n s i s t e n c y  was r e s o lv e d  when th e  mass spectrum o f  t h i s  
compound showed a m olecu lar  io n  at m/e 213 w ith  a fragment at 
11-17» corresp on d in g  to  l o s s  o f  a h yd roxy l.  The compound was 
t h e r e f o r e  a s s ig n e d  th e  s t r u c tu r e  o f  HIT -  d i  b e n zy 1 hy dr o xy 1 a m i  n e 
( l i t .  m.p. 123 ° C ) , which, when t r e a t e d  w ith  more borane under 
th e  same c o n d i t io n s  was not reduced fu r th e r  to  the amine. A 
l o g i c a l  e x p la n a t io n  fo r  t h i s  was not ob v io u s .  Not shown in  
f i g u r e  4  was th e  r e d u c t io n  o f  IT-acety 1-IT-phenylhydroxy 1 amine 
w ith  z in c  in  a c e t i c  a c id ,  which formed the  d e s ir e d  amide, but 
in  low y i e l d .
The r e d u c t io n  o f  IT-hydroxysuccinimide was a l s o  attem p ted .  
Phosphorus t r i c h l o r i d e  in  p y r id in e  s u c c e s s f u l l y  formed su cc in im id e  
though in  very low y i e l d ,  but sulphur d io x id e  in  p y r id in e  d id  
not appear to  be e f f e c t i v e ,  even a f t e r  24 hours under r e f l u x ,
Some s p e c u la t iv e  experim ents  on th e  r e d u c t io n  o f  H - a c e t y l -  


















c o n ta in in g  r e a g e n ts .  No r e a c t io n  was observed with, t r i c h l o r o —
p- Q
s i l a n e  in  r e f l u x i n g  benzene, or w ith  polymet hylhydro s i  l o x a n e ^ .  
However, h e x a c h lo r o d is i la n e ,  p r e v io u s ly  used  fo r  th e  r e d u c t io n  
o f  arom atic  amine oxides^*0 , rea c ted  r a p id ly  w ith  N -a c e ty l -U -  
phenylhydroxylam ine at room temperature in  d eu ter ic ch lo ro fo rm .
The n .m .r .  spectrum o f  the product in d ic a te d  th a t  r e d u c t io n  
to  a c e t a n i l i d e  had not taken p la c e ,  and t . l . c .  showed th ere  to  
he th r e e  compounds presen t in  th e  t o t a l  r e a c t io n  m ixture.
2 .7  Some R eaction s  o f  Thehaine and i t s  D e r iv a t iv e s  w ith  
Tetranitrom ethane
The presen ce  o f  the  e th er  bridge l in k in g  C-3 and C-5 i n 
th e  morphine a lk a lo id s  i s  not e s s e n t i a l  fo r  pharm acological  
a c t i v i t y .  Compounds based on the morphinan r in g  system (1 2 2 ) ,  
e s p e c i a l l y  th o se  c o n ta in in g  a 3—hydroxyl s u b s t i tu e n t  have been  
used  as m ild a n a lg e s ic s  and co n s id era b le  i n t e r e s t  i s  th e r e fo r e  
a tta c h e d  to  the p o s s i b i l i t y  o f  removing th e  e th er  bridge from 
th e b a in e ,  and in tro d u c in g  n itro g en  c o n ta in in g  groups at the  
1 4 ^ -p o s i t io n .  I t  was th e r e fo r e  decided  to  carry out a 
p re lim in ary  in v e s t ig a t i o n  in to  the r e a c t io n s  o f  d e r iv a t iv e s  
o f  (3 -d iiiydrotheba in e  (123) w ith  te tra n itr o m e th a n e .
The red u ct io n  o f  theb ain e  w ith  sodium in  l i q u i d  ammonia
c l  , . - .has been s tu d ied  by B entley  and co-w orxers wno reporeea
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th e  major product was d ihydrothebaine-j#  ( 1 0 1 ) .  Ilore r e c e n t  
62i n v e s t i g a t i o n s  have shown th a t  by va,rying th e  r e a c t io n  
c o n d i t io n s ,  or Toy u s in g  p otassium  in s t e a d  o f  sodium, a c e r t a in  
amount o f  ^ -d ih y d r o th e b a in e  (123) can a l s o  he formed. Vie have 
found th a t  hy a l lo w in g  th e  products  o f  r e d u c t io n  w ith  sodium 
in  l i q u i d  ammonia to  e q u i l i b r a t e  fo r  s e v e r a l  hours in  th e  
p resen ce  o f  sodamide, th e  p ercen ta g e  o f  ^ -d ih y d ro th eb a in e  (123)  
in  th e  t o t a l  r e a c t io n  m ixture in c r e a s e s  as a fu n c t io n  o f  t im e ,  
w ith ,  f o r  example, a m ixture o f  (2-d ihydrothebaine ( 65$ )  and 
d ih y d ro th eb a in e -p  (35$) b e in g  o b ta in ed  a f t e r  20 hours e q u i l i b r a t i o n .  
The p rod u cts  were sep a ra ted  by f r a c t i o n a l  c r y s t a l l i s a t i o n ,  but 
n .m .r .  sp e c tr o sc o p y  showed th a t  th e  ^ -d ih y d r o th e b a in e  was 
contam inated  by a sm all amount o f  d ih y d ro th eb a in e -p .
The p resen ce  o f  th e  hydroxyl group at th e  4 - p o s i t i o n ,  as  
in  d ih yd rotlieb a in e  was co n s id ered  to  be u n d e s ir a b le  due to  
th e  a c t i v i t y  im parted in to  th e  arom atic  r in g  by th e  p h e n o l ic  
system . I t  was t h e r e fo r e  dec id ed  to  p r o te c t  t h i s  hydroxyl  
group as th e  a c e t a t e ,  but s e v e r a l  a ttem p ts  to  a c y la te  ^ - d ih y d r o -  
th e b a in e  w ith  a c e t i c  anhydride in  p y r id in e  met w ith  no s u c c e s s .
Even under m ild  c o n d it io n s  (0 °G f o r  2 days) m u lt ip le  prod u cts  
were formed, w ith  a deep pu rp le  co lo u r  b e in g  produced. I t  
was concluded  th a t  a rearrangement had p r e f e r e n t i a l l y  tak en  p la c e  
to  produce a h ig h ly  con ju gated  system , th e  nature o f  which was 












(1 2 7 )
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A sea rch  o f  th e  l i t e r a t u r e  r e v e a le d  th a t  d ih y d ro th eb a in e -0  
had "been co n v er te d  in t o  th e  4 -p h en y l e th e r  (125) hy an Ullmann  
r e a c t io n  and th e  4—phenyl e th e r  group had "been su b seq u en tly  
removed "by r e d u c t io n  w ith  sodium in  l i q u i d  ammonia to  y i e l d  
th e  s u b s t i t u t e d  tetrahydrom orphinan ( 1 2 6 ) .  T h is  Ullmann r e a c t io n  
was r e p e a te d  w ith  (3-dihydrothe ba ine and, a f t e r  p r e p a r a t iv e  t . l . c . ,  
th e  4 -p h en y l e th e r  (127) was o b ta in ed  as an o i l .  ; A l l  a ttem p ts  
t o  c r y s t a l l i s e  t h i s  m a te r ia l  f a i l e d ,  but th e  compound was 
homogeneous by t . l . c . ,  and th e  n .m .r .  spectrum was c o n s i s t e n t  
w ith  th e  s t r u c tu r e  ( 1 2 7 ) .  T h is  compound was used  as th e  s t a r t i n g  
m a te r ia l  f o r  Hie n i t r a t i o n  r e a c t io n s  w ith  t e tr a n itr o m e th a n e .
The r e a c t io n  o f  te tr a n itr o m e th a n e  w ith  th eb a in e  has been  
37s t u d ie d  in  depth  and i t  was d ec id ed  to  c o n s o l id a t e  some o f  
t h i s  e a r l i e r  work b e fo re  a ttem p tin g  th e  n i t r a t i o n  o f  4 -p h en y l  
e th e r  ( 1 2 7 ) .
Among th e  p rodu cts  o b ta in ed  from th e  r e a c t io n  o f  th eb a in e  
w ith  te tr a n itr o m e th a n e  in  benzene was a compound which was 
assumed to  have the  p erox id e  s t r u c tu r e  ( 7 4 ) .  E a r l i e r  combustion  
a n a l y s i s  o f  t h i s  compound had been u n s a t i s f a c t o r y ,  but th e  
s t r u c t u r e  had been determ ined, "ay chem ical d egrad ation  and n .m .r .  
s p e c tr o s c o p y .  The l i t e r a t u r e  method was t h e r e fo r e  m o d if ied  
and th e  p rod u ct ,  i s o l a t e d  by p r e p a r a t iv e  t . l . c .  on alumina  
f o l lo w e d  by c r y s t a l l i s a t i o n  from e th y l  a c e t a t e  was s p e c t r o s c o p ic a l ly  
















a n a ly s in g  c o r r e c t l y  f o r  th e  maximum d e v ia t io n  from
th e o r y  “b e in g  + 0 .0 9 $  fo r  hydrogen. As fu r th e r  p ro o f  th a t  t h i s  
compound d id  in d eed  p o s s e s s  th e  n o v e l  p ero x id e  b r id g ed  system  
(74 )  ? th e  X-ray s t r u c tu r e  was o b ta in ed  4 and i s  shown in  
f i g u r e  5 .
An a l t e r n a t i v e  p r e p a r a t io n  o f  th e  compound ( 1 2 8 ) ,  a
-in
d eg ra d a t io n  product o f  ( 74 ) , was so u gh t,  so th a t  sam ples o f
t h i s  compound, prepared  by two d i f f e r e n t  r o u te s  co u ld  be
compared. Thus, th e b a in e  was t r e a t e d  w ith  te tr a n itr o m e th a n e
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by th e  l i t e r a t u r e  method in  m eth an olic  ammonia to  y i e l d  th e  
d im eth y l a c e t a l  ( 7 2 ) which was h y d ro ly sed  to  th e  codeinone ( 7 3 ) 
w ith  d i l u t e  a c id .  A ttem pts to  o x id i s e  th e  codeinone (73) to  
th e  10—oxo compound ( 128) w ith  se len ium  d io x id e  in  r e f l u x i n g  
dioaxane were u n s u c c e s s f u l .  N .m .r . sp e c tr o sc o p y  showed th e  l o s s  
o f  th e  N-m ethyl s i g n a l  and th e  a d d it io n  o f  a s ig n a l  at & 8 . 1 ,  
t e n t a t i v e l y  a s s ig n e d  to  an K-formyl p roton . T h ere fo r e ,  as th e  
N-methyl group had been ap p a ren tly  o x id i s e d  in  p r e fe r e n c e  to  
th e  b e n z y l i c  m ethylene group, t h i s  attempt to  confirm  th e  
s t r u c tu r e  o f  ( 7 4 ) was abandoned.
A fte r  an i n i t i a l  attempt to  r e a c t  ^ -d ih y d r o th e b a in e  w ith  
te tr a n itr o m e th a n e  had y i e l d e d  an in t r a c t a b l e  b la ck  t a r ,  th e  
r e a c t io n  o f  th e  4-p h e n y l  e th e r  ( 127) viith te tra n itr o m e th a n e  
was s t u d ie d .  Two d i f f e r e n t  s e t s  o f  r e a c t io n  c o n d it io n s  were 
employed, namely, u s in g  benzene as s o lv e n t  in  an attempt to  
make th e  compound analogous to  th e  p erox ide  ( 7 4 )> and u s in g







m ethanol and ammonia, to  prepare th e  compound analogous t o  th e  
dim eth yl a c e t a l  ( 7 2 ) .
The r e a c t io n  o f  te tr a n itr o m e th a n e  w ith  th e  4 -p h en y l e th e r  
( 127 ) in  benzene w ith  p assage  o f  oxygen y i e l d e d  a t  l e a s t  e ig h t  
d i f f e r e n t  compounds, sep a ra b le  by t . l . c .  on alum ina. No 
compound c o n ta in in g  an 8cr, locc-d iox id e  b r id g e  was o b ta in e d ,  
a lth o u g h  s e v e r a l  o f  th e  components d id  not c o n ta in  s u f f i c i e n t  
m a te r ia l  f o r  the  n .m .r .  spectrum to  be record ed . The major 
product o f  t h i s  r e a c t io n  was th e  5 *0—dihydro—14^ -n it r o c o d e in o n e
( 129 ) .
The i . r .  spectrum co n ta in ed  bands at 1 679 s^id 1 539 cm , 
showing th e  p resen ce  o f  an cc^>-unsaturated keton e  and a n i t r o -  
group r e s p e c t i v e l y ,  w h ile  th e  n .m .r .  spectrum was s im i l a r  to  
th a t  o f  ~the known compound (73) > "the major changes b e in g  th e  
in t r o d u c t io n  o f  th e  arom atic  m ultip le-t ( 8 6 .2  to  7*4) and th e  
l o s s  o f  th e  s ig n a l  a t t r ib u t e d  to  K-5? form erly  at 8 5 *1 4 * In  
a d d i t io n ,  the  C-4 phenyl e th e r  now s h ie ld e d  th e  C—3 methyl 
e th e r  and so caused  an u p f i e l d  s h i f t  o f  0 .2  ppm. The mass 
spectrum showed a m olecu lar  io n  peak at m/e 4 2 0 , w ith  th e  base  
peak (3 7 4 ,  LI—4 6 ) presumably b e in g  caused by l o s s  o f  th e  n i t r o -  
group.
Among th e  o th er  produ cts  i s o l a t e d  in  very  low y i e l d  by 
p r e p a r a t iv e  t . l . c .  o f  th e  t o t a l  r e a c t io n  m ixture was th e  d im ethyl  
a c e t a l  ( 1 3 0 ) .  The n .m .r .  spectrum o f  t h i s  m a te r ia l  was i d e n t i c a l
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to  th a t  prepared  by a d i f f e r e n t  method ( s e e  b e lo w ),  and i t  was 
i n t e r e s t i n g  to  n o te  th a t  th e  a d d i t io n a l  methoxy group now a t ta c h e d  
at C-6 must have come from another m olecu le  o f  s t a r t i n g  m a te r ia l  
th a t  had been tran sform ed  in t o  th e  k e to n e .  The o th er  component 
i s o l a t e d  by t . l . c .  c o n s i s t e d  o f  a m ixture o f  u n rea c ted  s t a r t i n g  
m a te r ia l  and s t r a n g e ly ,  a compound which appeared to  be th e  
4 -p h en y l  e th e r  d e r iv e d  from dihydrothebaine-<3. As s t a t e d  
e a r l i e r ,  th e  ^ —d ih yd roth eb a in e  o b ta in ed  from th e  so d iu m /l iq u id  
ammonia r e d u c t io n  o f  th eb a in e  was contam inated  w ith  a sm all  
amount o f  d ih y d ro th eb a in e—0 ,  so presum ably, t h i s  m a te r ia l  had 
a l s o  been con verted  by th e  Ullmann r e a c t io n  in t o  th e  corresp on d in g  
4-p h en y l  e t h e r .  This  compound, b e in g  unable to  r e a c t  w ith  
t e tr a n itr o m e th a n e  due to  th e  n on -con ju gated  nature o f  th e  d iene  
system , in c r e a s e d  in  r e l a t i v e  c o n c e n tr a t io n  to  become v i s i b l e  in  
th e  n .m .r .  spectrum o f  th e  u n rea cted  s t a r t i n g  m a te r ia l .
When th e  4 -p k e&yl e th e r  (127) w-s s u b je c te d  to  th e  r e a c t io n  
c o n d i t io n s  th a t  had p r e v io u s ly  transform ed  th eb a in e  in t o  th e  
dim ethyl a c e t a l  ( 7 2 ) ,  a c r y s t a l l i n e  product was o b ta in ed  in  low  
y i e l d  which was a s s ig n e d  th e  s t r u c tu r e  ( 1 3 0 ) .  As e x p e c te d ,  the  
s p e c t r o s c o p ic  d a ta  fo r  t h i s  compound were s im i la r  to  th o se  o f  
th e  d im ethyl a c e t a l  ( 7 2 ) .  The i . r ,  spectrum co n ta in ed  a band 
at 1 537 cm""^ , showing th e  p resen ce  o f  th e  n i t r o -g r o u p ,  and 
th e  n .m .r .  spectrum , when compared to  th a t  o f  compound ( 7 2 ) ,  had 





l o s t  th e  H—5 s i g n a l ,  form erly  at 8  5*04* S h ie ld in g  o f  th e  3—raethoxy 
group by th e  4 -p h en y l  e th e r  group had caused  an u p f i e l d  s h i f t  o f  
0 , 2  ppm f o r  th e  ap p ro p r ia te  s i n g l e t  and th e  s ig n a l  f o r  H -9, which  
was not ob served  p r e v io u s ly  , was now v i s i b l e  as a dou b let  cen tre d  
at 6 3 .7 1 .  The mass spectrum showed on ly  a very  weak m o lecu lar  
io n  peak at m/e 466 but th e  prominent peak at 420 due to  th e  l o s s  
o f  th e  n i t r o  group was observed  and th e  base peak- appeared at 
m/e 306 (K -1 6 0 ) .
As a f i n a l  experiment i t  was d ec id ed  to  attem pt th e  form ation  
o f  a c y c lo —adduct from th e  4—phenyl e th e r  (127) and n i t r o s o c a r b o n y l— 
methane, formed by th e  o x id a t io n  o f  acetohydroxam ic a c id .  U s in g  
th e  r e a c t io n  c o n d i t io n s  th a t  had proved to  be s u c c e s s f u l  in  
e a r l i e r  s t u d i e s ,  th e  c y c lo -a d d u ct  (131) was prepared . At th e  
tim e t h i s  r e a c t io n  was attem p ted  th e  4 -p h en y l e th e r  used  as  
s t a r t i n g  m a te r ia l  was not a v a i l a b l e  in  pure form, so s e v e r a l  
im p u r i t i e s  were c a r r ie d  through in to  th e  p rod u ct .  S e p a ra t io n  
was accom plished  by p r e p a r a t iv e  t . l . c . ,  but th e  c y c lo -a d d u c t  
(131) s t i l l  f a i l e d  to  c r y s t a l l i s e . The n .m .r .  spectrum was 
c o n s i s t e n t  w ith  t h i s  s t r u c tu r e  and was, as ex p ec te d ,  s im i la r  
to  th e  spectrum o f  th e  th eb a in e  adduct ( 4 6 ; R = CK^), w ith  tn e  
a d d i t io n  o f  th e  arom atic  s i g n a l s  in  th e  r e g io n  8  6 .6  to  7*4  
and th e  l o s s  o f  th e  H-5 s i n g l e t ,  form erly  at 6 4 . 0O. S h ie ld in g  
o f  th e  3-methoxy group by th e  4-p h en y l e th e r  group aga in  caused  
an u p f i e l d  s h i f t  o f  0 . 2  ppm fo r  th e  methoxy s i n g l e t .
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I t  was t h e r e f o r e  shown th a t  th e  4-ph.enyl e th e r  (127) was 
cap ab le  o f  perform ing  n i t r a t i o n  r e a c t io n s  w ith  t e tr a n itr o m e th a n e ,  
and form ing c y c lo -a d d u c ts  w ith  n i t r o s o c a r b o n y l  in term e d ia te s*
2 .8  R e s u l t s  o f  P h arm aco log ica l T e s t in g
The a n a lg e s i c  p otency  o f  s e v e r a l  o f  th e  compounds prepared  
by th e  n i t r o s o c a r b o n y l  ro u te  was determ ined by anim al t e s t i n g
65ex p er im en ts .  S e v e r a l  d i f f e r e n t  methods are a v a i l a b l e  fo r
d eterm in in g  whether or not a compound i s  an a n a l g e s i c ,  and
th e  te c h n iq u e s  used  in  t h i s  study  were th e  Rat T a i l  P re ssu re  
66(R .T .P) and Hendershot and P o r s a i th  (H. and P . )  methods.
The, R .T .P . method in v o lv e s  i n j e c t i n g  th e  animal w ith  th e  
t e s t  s u b s ta n c e ,  th en  a p p ly in g  p ressu r e  to  th e  r a t ’ s t a i l  u n t i l  
th e  animal s t r u g g le s  and squeaks. A n a lg e s ia  i s  assumed when 
th e  t h r e s h o ld  i s  at l e a s t  tw ic e  th a t  o f  th e  mean c o n tr o l  
exp erim en t. The H. and P. method in v o lv e s  i n j e c t i n g  th e  animal 
w ith  th e  compound under t e s t ,  fo l lo w e d ,  a f t e r  a sh ort  d e la y ,  by 
an aqueous s o l u t i o n  o f  2 -p h e n y l- l ,4 -b c n z o q u in o n e , which cau ses  
th e  animal to  w r ith e .  The number o f  w r ith e s  in  a g iv e n  tim e  
i s  n o ted  and compared to  th a t  o f  th e  c o n tr o l  experim ent.
The r e s u l t s  o f  th e s e  experim ents  are shown in  t a b le  1,  
and th e  graphs on th e  f a c in g  page. These are quoted as th e  d o se ,  
in  mg per kg o f  body w e ig h t ,  o f  th e  t e s t  compound, i n j e c t e d
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(112; R=CH2CH2P'n) ( 4 6 ; R=CH2CH2?h) (102: H-CHgCHgPh)
H.and P. = 0 .1 2
R .T .P . = 0 .7 6  R .T .P . = 2 2 .0  R .T .P , = oa. 10
For comparison Horphine su lp h a te  : R .T .P . = 2 .6
Codeine phosphate : R .T .P . = 13-5  
A l l  r e s u l t s  are AD_:. <*SfZ8  ( subcutaneous)
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R e s u l t s  o f  Animal T e s t s  (contd.)
c h 3° 4 ^ A  n
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R .T .P .
H. and P.
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subcut a n e o u s ly ,  th a t  produced a n a lg e s ia  in  50$  o f  th e  an im als  
under t e s t  (H D ^ ) .  Thus, th e  lower th e  num erical v a lu e  f o r  th e  
SDj_0 , th e  more p o ten t  i s  th e  a n a lg e s i c .
The most p o te n t  compounds in  th e  codeinone s e r i e s  (77)  
were th o se  w ith  n = 2 and n = 3* w ith  th e  l e a s t  a c t i v e  "being 
th a t  w ith  n = 1 . T his  behaviour was fo l lo w e d  by th e  corresp on d in g  
dim eth y l a c e t a l s  ( 9 7 ) j but a much la r g e r  spread  o f  r e s u l t s  was 
o b ta in e d .  Thus, a lth ou gh  th e  most p o ten t  compound (97; n = 2) 
was o f  ap p rox im ately  th e  same a c t i v i t y  as  th e  codeinone (77* n = 2 ) ,  
th e  d im eth y l a c e t a l  (97* n = l )  was jca. 30 t im e s  l e s s  p o ten t  
th a t  th e  codeinone (77* n = l ) .  There was l i t t l e  d i f f e r e n c e  
in  p o ten cy  between th e  cod ein on es  (77* n = 2 and n = 3)* but 
th e  d im eth y l a c e t a l  (97* n = 3) was s e v e r a l  t im e s  l e s s  p o ten t
th an  th e  d im ethyl a c e t a l  (97* n = 2 ) .
A d i f f e r e n t  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p  was ob served  
w ith  th e  IT-hydroxy compounds ( 9 6 ) .  These compounds were 
•g e n e r a l ly  weaker a n a lg e s ic s  than th e  co rresp o n d in g  cod ein on es  
(77) o r  d im ethyl a c e t a l s  (97) except where n = 1 ,  where th e  
maximum p otency  was a c h ie v e d .  The compound w ith  n = 2 was a l s o  
a c t i v e ,  but th e  compounds w ith  n = 0 and n = 3* in  c o n tr a s t  to  
th e  compounds in  th e  s e r i e s  (77 and 97)* 'were now r e l a t i v e l y  
poor a n a l g e s i c s .
The e th y le n e  k e t a l  (112$ R = CK^CH^Ph) T-:as also' shown to
be a p o ten t  a n a lg e s i c ,  though not n e a r ly  as a c t i v e  as th e  d im ethyl
a c e t a l  ( 97 ; n  =  2 ) ,  w h i l e  t h e  c y c l o - a d d u c t  ( 46 $ ] 
a n d  t h e  N - h y d r o x y c o d e i n o n e  h y d r o c h l o r i d e  ( 1 0 2 ;  R 
w e r e  o n l y  s l i g h t l y  a c t i v e ,
I l l
CHAPTER 3 EXPERIM ENTAL
I n s t r u m e n t a t i o n
m . p . s  ( c o r r e c t e d )  
i . r .  s p e c t r a  
u . v .  s p e c t r a
n . m . r .  s p e c t r a
m a s s  s p e c t r a
R e i c h e r t  h o t —s t a g e  a p p a r a t u s .  
P e r k i n - E l m e r  2 5 7  a n d  1 9 7 ,
U n i c a m  S P  8 0 0 B .
V a r i a n  T - 6 0  ( 6 0  M H z)
P e r k i n - E l m e r  R 3 2  ( 9 0  M H z ) .
A . E . I .  MS 1 2  a t  a n  i o n i s i n g  v o l t a g e  
o f  70 e V .
N o t e s
( a )  N . m . r .  r e f e r s  t o  n . m . r .  s p e c t r a  w i t h  t e t r a m e t h y l s i l a n e  
a s  i n t e r n a l  s t a n d a r d .
( h )  O r g a n i c  s o l u t i o n s  w e r e  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m
s u l p h a t e  a n d  e v a p o r a t e d  o n  a  r o t a r y  e v a p o r a t o r  a t  c a .  5 0  ° C  
a t  1 5  mm H g ,  u n l e s s  o t h e r w i s e  s t a t e d .
( c )  THF r e f e r s  t o  t e t r a h y d r o f u r a n  a n d  e t h e r  r e f e r s  t o  d i e t h y l  
e t h e r .
( d )  T . l . c .  w a s  c a r r i e d  o u t  o n  M e r c k  G Focr . s i l i c a  a n d  a l u m i n a
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w i t h  d e t e c t i o n  o f  c o m p o n e n t s  h y  u . v .  C o l u m n  c h r o m a t o g r a p h y  
u t i l i s e d  W o e l m  n e u t r a l  a l u m i n a .
( e )  E l e m e n t a l  a n a l y s e s  w e r e  c a r r i e d  o u t  h y  t h e  m i c r o a n a l y t i c a l  
































The P r e p a r a t io n  o f  D in itr o g e n  T r io x id e
D in trogen  t r i o x i d e  was prepared in  th e  apparatus shown 
in  f i g u r e  6  . The apparatus was f i r s t  f lu s h e d  w ith  n i t r o g e n ,  
th e n ,  w ith  v a lv e  D open and v a lv e s  C and E c l o s e d ,  v a lv e s  A and 
B were c a r e f u l l y  c o n t o i l e d  such th a t  app rox im ate ly  equal  
volum es o f  n i t r i c  ox id e  and a i r  were a l lo w e d  to  mix t o g e t h e r .
The r a t e  o f  m ix ing  was measured hy th e  p assage  o f  th e  huhhles  
o f  gas  through  th e  D rech se l  "bottles o f  s u lp h u r ic  a c i d .  D in i tr o g e n  
t r i o x i d e  condensed as  a b r ig h t  b lue  l i q u i d  and Was e i t h e r  
w eighed ("by removal o f  th e  c o l l e c t i o n  t r a p ) , or measured by 
volume ( u s in g  a p r e v io u s ly  c a l ib r a t e d  t r a p ) .  Once th e  r e q u ir e d  
amount had been c o l l e c t e d ,  v a lv e s  A, D, and B were c l o s e d ,  and 
v a lv e s  C and E opened. Thus, as th e  tra p  was a llo w e d  t o  warm 
t o  room tem p era tu re ,  th e  d in i t r o g e n  t r i o x i d e  was c a r r ie d  in to  
th e  th e b a in e  s o l u t i o n  by th e  n i t r o g e n  c a r r i e r  g a s .
R e a c t io n  o f  Thebaine w ith  D in itr o g e n  T r io x id e
D in itr o g e n  t r i o x i d e  (0 ,2 5  ml*  4*76 mmol) was c o l l e c t e d  at  
— 78 °C under dry n i t r o g e n  as a b r ig h t  b lu e  l i q u i d .  T h is  was 
a llo w e d  to  warm to  room tem perature and was c a r r ie d  by a stream o f  
dry n i t r o g e n  in t o  a s o l u t i o n  o f  th eb a in e  ( l  g ,  3*21 mmol) in  
e t h y l  a c e t a t e  (30 m l) ,  p r e c i p i t a t i n g  a th eb a in e  s a l t  as a 
y e l lo w  s o l i d .  T h is  was removed by f i l t r a t i o n  and th e  c o n s t i t u e n t s  
o f  th e  f i l t r a t e  sp a ra ted  by p r e p a r a t iv e  t . l . c ,  on s i l i c a ,  
(ch loroform  -  m ethanol, 9 : 1 ) .  The major component (R^ 0 .6 8 )  
was removed and c r y s t a l l i s e d  from benzene — e th y l  a c e t a t e  to  
y i e l d  th e  oxime (78) (108 mg, 1 m.p. 231 0 (w ith  co lo u r
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change at 203 °C ) .  (Pound: C, 5 8 .7 1 ;  H, 5 .5 2 ;  N, 1 1 .0 8 .
G19H21H3°6 v e ^u ± T e s  5 8 .9 1 ;  H, 5 .4 3 ;  N, 1 0 . 85$ ) ;  X ma3. (CH30H)
209 (£  3*93 * 104 ) and 230 (£  1 .4 2  x 104 ) nm; v (KBr) 3 280,
IQEXf
1 6 3 4 ,  and 1 550 cm” 1 ; 6  ( D^DHSO) 2 .3 2  (3H, s ,  N-CH^), 3 .6 3  (3H, 
s ,  0-CH3 a t C -6 ) ,  3 .7 8  (3H, s ,  0-CH3 at C -3 ) ,  4 .2 8  ( lH , d,
^ - 1 0 0 c 7 Hz’ H” 9 ) ’ 5 *31 ( 1H> s > H“ 5) j 5 .7 6  (1H, s ,  H -7 ) ,  6 .7 0  
(1H, d , JH_ 2 8 Hz, H—l ) , 6 . 8 5  (1H, d, 8 Hz, H -2 ) ,  and 1 1 .7 0
( lH , s ,  D^ O exch a n g ea b le ,  N-OH); m/e 387 .
P r e p a r a t io n  o f  N orthebaine
N orthebaine  was prepared by a m o d if ic a t io n  o f  th e  method
68o f  E. L i l l y  and Co. Thus, th e b a in e  ( 6 .2 4  20 mmol) and
6 9 s
d i e t h y l  a z o d ic a r b o x y la te  (prepared  by th e  method o f  J .  Kauer J 
( 3 . 4 8  g , 22 mmol) in  benzene were h ea ted  under r e f l u x  f o r  3 h.
The s o lv e n t  was th e n  evaporated  to  y i e l d  th e  in te r m e d ia te  
N—( l , 2—d ie th o x y ca rb o n y lh y d ra z in o -m e th y l)  n orth eb a in e  (30) as 
an o i l .  T h is  m a te r ia l  was d i s s o lv e d  in  e th a n o l (40 m l ) , water  
(30 ml) and ammonium hydroxide (0 .8 8  sp . g . , 20 m l) ,  and h ea ted  
under r e f l u x  f o r  a fu r th e r  6 . 5  h , then  l e f t  at room tem perature  
f o r  17 h. The s o l u t i o n  was e x tr a c te d  w ith  m ethylene c h lo r id e ,  
d r ie d  and evap orated  to  y i e l d  a brown o i l .  T h is  o i l  was 
d i s s o l v e d  in  r e f l u x i n g  e t h y l  a c e ta te  and, on c o o l in g ,  th e  by-product  
ureth an e p r e c i p i t a t e d  and was removed by f i l t r a t i o n .  The f i l t r a t e  
was evaporated  and th e  r e s id u e  d i s s o lv e d  in  methanol and t r e a t e d  
w ith  m eth an o lic  hydrogen c h lo r id e  (24 M; ca . 21 ml) t i l l  the  
s o l u t i o n  was ju s t  a c i d i c .  N orthebaine h y d ro ch lo r id e  u r e c i p i t a t e d  
from th e  s o lu t io n  and was r e c r y s t a l l i s e d  from water ( 2 .5 4  43$)>
m.p. 269 °C (decomp.) ( L i t . ^  270-272 °G ( decorrro.)  ) .
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P r e p a r a t io n  o f  N -B en zy loxycarb on y lnorth eb a ine^8
A s o l u t i o n  o f  n orth eb a in e  ( 1 .4  4*7 mmol) in  ch loroform
(28  ml) was t r e a t e d  w ith  water (14  ml) and sodium hydrogen carb on ate  
( 1 .6 8  g ) . The m ixture was th en  co o le d  t o  0 °C, t r e a t e d  w ith  
b en zy l  ch loro form ate  ( 0*73 ml, 5*1 mmol), and s t i r r e d  f o r  2 h.
The ch loroform  was th en  sep a ra ted  and th e  aqueous la y e r  e x tr a c te d  
tw ic e  w ith  ch loroform . The combined e x t r a c t s  were washed w ith  
w a ter ,  d r ie d  and evaporated  to  g iv e  a p a le  y e l lo w  o i l .
T r i t u r a t i o n  o f  t h i s  o i l  w ith  e th e r  -  l i g h t  petroleum  ( b .p .  4 0 -  
60 °C) and a sm all q u a n t i ty  o f  e th a n o l  l e d  to  c r y s t a l l i s a t i o n  
a f t e r  24 h at -  78 °G. The s o l i d  was removed by f i l t r a t i o n ,  
washed w ith  a sm all p o r t io n  o f  c o ld  e th e r  and d r ie d  to  g iv e  
N -b en zy lo x y ca rb o n y ln o rth eb a in e  ( 1 . 0 2  g ,  50$)> m.p. 113-115  °0 
( l i t . j 8 116-117 °C)$ 8 (CDC13 ) 3 .5 9  (3H, s ,  0-CH3 at C-6 ) ,  3 .83  
(3H, s ,  0-CH3 at C -3 ) ,  5 -0 2  ( lH , d, 7 Hz, H -7 ) ,  5 -1 8  (2H,
s ,  0—CH^Ph), 5 -2 8  (1H, s ,  H -5 ) ,  5 .6 1  ( lH , br d, 7 Hz, H - 8 ) ,
6 . 5 6  (1H, d, Jg 9 Hz, H - l ) , 6 . 6 9  (1H, d, 9 Hz, H - 2 ) , and
7 .3 5  (5H, s ,  P h ) .
R e a c t i o n  o f  IT—B e n z y l o x y c a r b o n y l n o r t h e b a i n e  w i t h  D i n i t r o g e n  
T r i o x i d e
D in itr o g e n  t r i o x i d e  (26 rag, 0 .3 4  mmol) was c o l l e c t e d  at 
-  78 °C under dry n i t r g e n  as a b r ig h t  b lu e  l i q u i d .  T his  was 
a llo w ed  to  warm to  room tem perature and wa.s c a r r ie d  by s. stream  
o f  dry n i t r g e n  in to  a s o lu t io n  o f  h—b en zy loxycarb on y ln or th eb a in e  
(147 mg, 0 .3 4  mmol) in  d eu ter io c h lo ro fo rm  (2 m l) .  The 
c o n s t i t u e n t s  o f  t h e  t o t a l  r e a c t i o n  m i x tu r e  were s e p a r a t e d  by
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p r e p a r a t iv e  t . l . c .  on s i l i c a  , ( ch loroform  -  m ethanol, 2 0 : l ) ,  and
th e  component w ith  R^ , 0 , 6 9  was removed and c r y s t a l l i s e d  from
to lu e n e  at -  5 °C to  y i e l d  th e  impure oxime (8 3 ) (12 mg, 7 $)*
m.p. 199-201  °C; v (KBr) 3 280, 1 632 , and 1 549 cm"1 ; Xmax* max*
(CH30H) 212 (£ 2 .1 0  x  104 ) and 231 (£  7 .6 9  x 103 ) nm; 6 (CDClJ
3 .6 8  (3H, s ,  0-CH3 a t  C -6 ) ,  3 .8 6  (3H, s ,  0-CH at C -3 ) ,  5 .1 9
(2H, s ,  0 - m 2P h ) ,  5 .3 4  (1H, s ,  H -5 ) ,  5 .8 7  (1H, s ,  H -7 ) ,  6 .6 3
( lH , d , J^ _ 2  9  Hz, H—1 ) ,  6 .8 1  (1H, d, J ^  9 Hz, H -2 ) ,  7 .2 9
(5H, s ,  P h ) , and 7*38 ( lH , hr s ,  M-OH); m/e 507 w ith  im p u r i t i e s
a t m/e 494 and m/e 534 .
A l t e r n a t i v e  P r o c e d u r e  f o r  t h e  R e a c t i o n  o f  H - B e n z y l o x y c a r h o n y l -  
n o r t h e h a i n e  w i t h  B i n i t r o g e n  T r i o x i d e
M -B enzyloxycarhonylnorthehaine (267 mg, 0*62 mmol) in  
d e u te r io c h lo r o fo r m  (2  ml) was in j e c t e d  d i r e c t l y  in t o  l i q u i d  
d in i t r o g e n  t r i o x i d e  (40 mg, 1 mol. e a u i v . ) at c a . 0 °C, in  a 
s e a l e d  c o n ta in e r  under a n i t r o g e n  atm osphere. The c o n s t i t u e n t s  
o f  th e  t o t a l  r e a c t io n  m ixture were se p a r a te d  hy p r e p a r a t iv e  
t . l . c .  on s i l i c a  (ch loroform  — m ethanol, 2 0 : l ) .  The component 
w ith  R^ , 0 .7 0  c o n s i s t e d  o f  th e  oxime (8 3 ) (30 mg, 1056) which  
was i d e n t i f i e d  hy n .m .r .  s p e c tr o s c o p y .  Mass sp ectrom etry  
in d ic a t e d  th a t  t h i s  m a te r ia l  was impure.
P r e p a r a t i o n  o f  M e s i t y l e n e s u l p h o n y l h y d r o x y l a m i n e  ( 8 6 )
The p r e p a r a t i o n  o f  m e s i t y l e n e s u l p h o n y l h y d r o x v l a m i n e  i s  
c o v e r e d  i n  t h e  r e v i e w  h y  Y .  T a m u r a  _et a l ^ a n d  i s  r e p r e s e n t e d  i n
scheme 5 .
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M e sity le n e s u lp h o n y l  C hloride  ( 87 )
70The procedure o f  Wang and Cohen was c a r r ie d  out w ith  
m e s ity le n e  (100 ml) and c h lo r o su lp h o n ic  a c id  (131 m l) .  
M e s ity le n e s u lp h o n y l  c h lo r id e  was c r y s t a l l i s e d  from e th y l  
a c e t a t e  -  l i g h t  petro leum  ( h .p .  40 -60  °C ) ,  m.p. 52 -55  °C
( l i t . ,  57 °C ).
E th y l  Im id o a ce ta te  H ydrochloride (88)
71The procedure o f  R e i t t e r  and H ess , u s in g  dry a c e t o n i t r i l e  
(25  ml) and dry e th a n o l  (25 ml) gave e t h y l  im id o a c e ta te  
h y d r o c h lo r id e ,  which c r y s t a l l i s e d  from aceto n e  ( 5 2 , 8  g ,  85$ ) .
E th y l  Acetohydroxamate (8 9 )
72
The procedure o f  Houhen and Schmidt y i e l d e d ,  from e th y l  
im id o a c e ta te  h y d ro ch lo r id e  (10 g ) , e th y l  acetohydroxam ate (5*1 g> 
6 1 $ ) ,  b .p .  60 °C /  13 mm Hg.
E th y l O -(M esty len esu lp h o n y l)  acetohydroxam ate (90)
71The procedure o f  Tamura was fo l lo w e d ,  and a f fo r d e d ,  
from m e s ity le n e su lp h o n y l  c h lo r id e  (72 g) and e th y l  acetohyroxam ate  
(34  g ) , e t h y l  0_-( m e s ity le n e  su lp h on y l)  acetohydroxam ate vrhich 
c r y s t a l l i s e d  from l i g h t  petroleum  ( h .p .  40 -60  °C) (44  g» 4 6 $ ) ,  
m.p. 52 -54  °C.
K es ity len esu lp h o n y lh y d ro x y la m in e  (36)
49
The procedure o f  Tamura was c a r r ie d  out im m ediate ly  b e fo re  
th e  m es ity len esu lp h on y lh yd roxy lam in e  was r e q u ir ed  fo r  u s e ,  u s in g
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th e  q u a n t i t i e s  r e q u ir e d  f o r  a s p e c i f i c  r e a c t io n .  The product  
was u se d  e i t h e r  as a d r ie d  m ethylene c h lo r id e  s o l u t i o n ,  or  
was r e c r y s t a l l i s e d  from e th e r  -  l i g h t  petroleum  ( h .p .  60-80  °C ).
A ttem pted 14<3—Aminat io n  o f  N—B en zy loxycarb on y ln orth eb a in e  
w ith  M esity len esu lp hon y lh yd roxy lam in e  (86)
N -B en zy loxycarbon y lnorth eb a ine  (51 mg, 0 .1 2  mmol) was
d i s s o l v e d  in  d eu ter io c h lo ro fo rm  and t r e a t e d  w ith  f r e s h l y
\
prep ared  m esity len esu lp h o n y lh y d ro x y la m in e  (28 mg, 0 .1 4  mmol), 
which had been c r y s t a l l i s e d  from e th e r  -  l i g h t  petro leum  ( b .p .
60—80 ° C ) • The m ixture was kept at 30 °G and th e  r e a c t io n  
f o l lo w e d  by n .m .r .  sp e c tr o sc o p y .  No s i g n i f i c a n t  r e a c t io n  
appeared to  tak e  p la c e  t i l l  a f t e r  c a .  10 h , a f t e r  which th e  
s p e c t r a  .became p r o g r e s s iv e l y  more complex. The r e a c t io n  
appeared t o  s to p  at c a . 100 h by which t im e ,  th e  n .m .r .  spectrum  
was u n r e c o g n is a b le  and th e  c o n te n ts  o f  th e  n .m .r .  tube had been  
tran sform ed  in t o  a dark brown s o l u t i o n .  No product was o b ta in e d  
from t h i s  p r o c e s s .
Attem pted 14e-A m ination  o f  N -B enzy loxycarbon ylnorth eba ine  
w ith  K ydroxylam ine-O -su lphonic  Acid ( 83 ) ^
S e v e r a l  a ttem p ts  were made to  aminate N—benz3^1oxycarbonyl— 
n o rth eb a in e  d i r e c t l y  in  th e  14^- p o s i t i o n  u s in g  hydroxyl am ine-0 -  
su lp h o n ic  a c id ,  w ith  no s u c c e s s .  The f o l lo w in g  urocedure -was 
t y p i c a l .
N—B en zy loxycarb on yln orth eb a in e  (100 mg, 0 .2 3  mmol) in
d e u t e r i o c h l o r o f o r m  ( l  ml) and d e u t e r i o m e t h a n o l  ( l  ml) was t r e a t e d
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w ith  hydroxy la m in e -O -su lp h o n ic  a c id  ( 89$ ;  30 mg, 0 . 2 3  mmol).
The tem perature was m ainta ined  at 30 °C and th e  r e a c t io n  p r o g r e ss  
m oniored hy n .m .r .  s p e c tro sco p y  and t . l . c .  A f te r  3 h , no 
s t a r t i n g  m a te r ia l  rem ained, and a f t e r  19 h, th e  two main 
c o n s t i t u e n t s  were sep a ra ted  hy p r e p a r a t iv e  t . l . c .  on s i l i c a  
(ch lo ro fo r m  — m ethanol, 9 i l ) *  The i . r ,  s p e c tr a  in d ic a t e d  th a t  
n e i t h e r  compound co n ta in ed  an -HH group, hut hoth  c o n ta in e d  
an -OH group, and th e  n .m .r .  sp e c tr a  d id  not correspond  to  
th a t  o f  th e  d e s ir e d  p rod u ct .  Ho aminated m a te r ia l  was rec o v e r e d  
from t h i s  p r o c e s s .
A ttem pted N-Amination o f  H orthehaine w ith  H e s i t y 1enesu lp hony1 -  
hydroxylam ine (86  )
N orthebaine h y d ro ch lo r id e  (100 mg, 0 .3 0  mmol) was t r e a t e d  
w ith  sodium hydrogen carbonate s o l u t i o n  ( c a .  20 m l) ,  e x t r a c te d  
w ith  ch loroform  and evaporated  to  g iv e  n orth eb a in e  (83 mg, 0 .2 8  
mmol) as  a p a le  y e l lo w  o i l .  T his  o i l  was d i s s o lv e d  in  d e u te r io ­
ch loroform  (2  ml) and t r e a t e d  w ith  f r e s h l y  prepared , c r y s t a l l i n e  
m e s ity 1enesu lphonylhydroxylam ine (57 mg, 0 .2 8  mmol). W ithin  
5 min, th e  s t a r t i n g  m a te r ia l  had m ostly  d isap peared  and had been r e ­
p la c e d  b y a new n o r t h e b a in e - l ik e  compound. The r e a c t io n  was 
l e f t  o v e r n ig h t ,  th en  washed w ith  5H -h yd roch lor ic  a c id  (3 2: 1 ml) 
fo l lo w e d  by w ater .  The aqueous phase was b a s i f i e d  by th e  
a d d i t io n  o f  aqueous sodium hydrogen carb on ate ,  e x t r a c te d  w ith  
ch loroform  and d r ie d  to  y i e l d ,  a f t e r  e v a p o ra t io n ,  s t a r t i n g  
m a te r ia l  (9 mg). The n .m .r .  spectrum o f  th e  a c id  in s o lu b le  
m a te r ia l  in d ic a t e d  th a t  th e  nev; n o rth eb a in e—l i x e  product was
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p r e s e n t ,  a lo n g  w ith  a m e s ity le n e  d e r i v a t i v e .  These compounds 
were not s e p a r a te d ,  but n .m .r .  d a ta  fo r  th e  p o s tu la t e d  
H -am inonorthebaine was as f o l lo w s  S  ( C D C l ^ )  3 .65  ( 3 H ,  s ,  0 - C H ^  
a t  C - 6 ) ,  3 .87  ( 3 H ,  s ,  0 - C H 3 at C - 3 ) ,  4 . 5 4  ( 1 H ,  d ,  J ^ _ l o o t  7  H z ,
H - 9 ) ,  5 - 0 5  ( 1 H ,  d ,  J ^ g  6 H z ,  H - 7 ) ,  5 - 2 7  ( 1 H ,  s ,  H - 5 ) ,  5 - 7 5  
( I H ,  d ,  J g -  6  H z ,  H - 8 ) ,  6 .72  ( 2 H ,  s ,  H - l  a n d  H - 2 ) ,  a n d  o a ,  7 . 0  
( 2 H ,  f c r  s ,  KH ) .
A ttem pted N—Amination o f  N orthebaine w ith  H ydroxylam ine-  
0—s u lp h o n ic  A cid  ( 85 )
H orthebaine (176 mg, 0 .5 9  mmol) was d i s s o lv e d  i n  methanol 
( 1 0  m l )  and t r e a t e d  w ith  a s o l u t i o n  o f  hyd roxy lam in e-O -su lp h on ic  
a c id  ( 89$ ;  1 1 3  mg, O .89  mmol) and potass ium  hydroxide ( 5 5  m g ,
O.9 8  mmol) i n  w ater (3 m l) .  The m ixture was h ea ted  under r e f l u x  
f o r  30 min, th en  th e  s o lv e n t  was removed under reduced  p ressu r e  
and th e  in o r g a n ic  r e s id u e  e x tr a c te d  w ith  e th a n o l .  To t h i s  
e th a n o l  s o l u t i o n  was added h y d r io d ic  a c id  (45$? 1^9 M-l? O.8 9  mmol), 
th e n  th e  r e a c t io n  m ixture was co o le d  f o r  17 h at — 78 °G. 
H orth eb a in ehyd riod id e  p r e c i p i t a t e d  from t h i s  s o l u t i o n .  Ho 
N—am inated product was ob served .
P r e p a r a t io n  o f  Hydroxamic A cids
The p r e p a r a t io n  o f  th e  hydroxamic a c id s  was an a d a p ta t io n
75o f  th e  procedure o f  Sandler and Karo. Thus, th e  r e le v a n t  
c a r b o x y l ic  a c id  was f i r s t  con verted  in to  i t s  e th y l  e s t e r ,  which  
was in  tu rn  t r e a t e d  w ith  hydroxylamine h yd roch lor id e  in  the
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p r e se n c e  o f  sodium hydroxide to  form th e  hvdroxamic a c id .  The 
y i e l d s  v a r ie d  from 30$  to  56$* and. th e  p rod u cts  g e n e r a l ly  were 
low  m.p. s o l i d s ,  which c r y s t a l l i s e d  from e t h y l  a c e t a t e  or benzene.
P r e p a r a t io n  o f  th e  T h eb a in e /2 --o h en y ln itro so ca rb o n y le th a n e  
Adduct ( 4 6 ; R = CH CH Ph)
Thebaine (2  g ,  6 .4  mmol) in  e t h y l  a c e t a t e  (150 ml) and sodium  
p e r io d a te  (2 .0 5  8 1  9*6 mmol) in  aqueous sodium a c e t a t e  ( 0 . 2  M, 
a d ju s te d  t o  pH 6 w ith  co n ce n tr a te d  h y d r o c h lo r i c ’a c i d ) (50 ml) 
were s t i r r e d  r a p id ly  at 0 °G. N - ( 3—P henylpropanoyl) hydroxyl amine
( I . 5 8  g ,  9*6 mmol) was added s lo w ly  over  10 min, th e n  r a p id  
s t i r r i n g  was con t in u ed  fo r  1 h . The m ixture was b a s i f i e d  w ith  
aqueous sodium hydrogen carbonate  and th e  la y e r s  se p a r a te d .  The 
aqueous la y e r  was e x tr a c te d  w ith  e th y l  a c e t a t e  and th e  combined 
e t h y l  a c e t a t e  la y e r s  were washed w ith  d i l u t e  aqueous sodium  
t h io s u lp h a t e  and th en  w ater , The d r ie d  e th y l  a c e t a t e  s o l u t i o n  
was evap ora ted  to  y i e l d  a c r y s t a l l i n e  s o l i d  ( 3*49 g) • 
C r y s t a l l i s a t i o n  from e th y l  a c e t a t e  or e th a n o l  gave th e  th e b a in e  
adduct as n e e d le s ,  m.p. 156-157 °0 (8 0 -90$  y ie ld ) (F o u n d :  C, 7 0 .6 :
H, 6 . 6 ; IJ, 5 . 6 3 . G28H3oI:2°5 rec3-u i r e s  C’ 7 0 . 8 9 ? H, 6 .3 3 ;  N, 5 . 91$)*  
v (KBr) 1 675 cm 6  (CDC1-.) 2 .5 0  (3H, s ,  IJ-CH,), 3*55 (3H, s ,j  j
0-CH3 at C - 6 ) , 3 .83  (3H, s ,  0-CH^ at C -3 ) ,  4*65 ( lH , s ,  H -5 ) ,
4 .9 0  (1H, d, Jh_ 10cC7 H z , H -9 ) ,  6 .0 0  ( lH , ‘ d, J?:_ 8 9 Hz, H -7 ) ,
6 .1 5  (HI, d, JH_ 7 9 Hz, H—8 ) ,  6 .6 0  (IE , d, £ H_ 2 7 Hz, H - l ) ,
6 .6 8  (1H, d, 7 Hz, E - 2 ) ,  and 7*22 (5H, br s ,  P h ) ; m/e 474*
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P r e p a r a t io n  o f  th e  Dime-fchyl A ce ta l  ( 96 • R = CH CH Ph)
The th e b a in e  adduct ( 46 . R = CH CH Ph) ( l  g ,  2 .1  mmol) 
i n  0.175  M anhydrous m eth an olic  hydrogen c h lo r id e  (40 ml) was 
kept a t  0 C f o r  10 min. A w hite  s o l i d  s e p a r a te d .  The m ixture  
was n e u t r a l i s e d  by th e  a d d it io n  o f  s o l i d  sodium hydrogen  
carb on ate  and water was added to  th e  r e s u l t i n g  p a s te  to  
d i s s o l v e  s a l t s .  The m ixture was e x tr a c te d  w ith  ch loroform  
and th e  e x t r a c t  was th en  d r ie d  and evaporated  to  y i e l d  th e  
d im eth y l a c e t a l  which c r y s t a l l i s e d  from e th y l  a c e t a t e  as . 
n e e d le s  (703 mg, 6 6 % ) ,  m.p. 172-173 °C (Found: C, 6 8 .6 2 ;  H,
6 .8 4 ;  H, 5 .0 5 .  C ^ H ^ U ^  r e q u ir e s  C, 6 8 .7 7 ;  H, 6 .7 2 ;  H, 5 -5 3 $ ) ;  
v (KBr) 3 245 and 1 640 cm"1 ; 8 (CDClJ 2 .4 0  (3H, s ,  H-CH J  ,
3 .1 2  (3H, s ,  0-CH^ at C-6^ ) ,  3 .5 0  (3K, s ,  0-CH3 at C-6<x),
3 .9 0  (3H, s ,  0- 0H3 at C -3 ) ,  4 . 3 2  (1H, d, ^ _ 10ct 6 Hz, K -9 ) , :
4 . 8 6  (1H, s ,  H -5 ) ,  5 .5 6  (1H, d, l 0~ Hz, H -7 ) ,  6 .4 0  ( 1H, d,
Jg_ 7 10 Hz, H-8 ) ,  6 .5 6  (1H, d, 8 Hz, H - l ) ,  6 .7 4  (1H, d,
L  . 8 Hz, H—2 ) ,  and 7 .3 0  (5H, br s ,  P h ) ; m/e 5 0 6 .
~ n .—JL
U n s u c c e s s fu l  R eductions  o f  th e  A ce ta l  ( 9 6  • R = CH^CH^Ph) to  the  
A c e ta l  ( 97 ; R = GH^ GH'^Ph)
Many a ttem p ts  were made to  carry  out t h i s  r e d u c t io n  and 
th e  u n s u c c e s s f u l  a ttem p ts  are g iv e n  below . The exp er im en ta l  
d e t a i l s  g iv e n  are r e p r e s e n t a t iv e  o f  th e  gen era l procedure u sed ,  
but s e v e r a l  a t tem p ts ,  u s in g  d i f f e r i n g  amounts o f  r e a g e n ts ,  
r e a c t io n  t im es  and tem peratures  were a l s o  c a r r ie d  o u t ,  a l l  w ith  
e q u a l ly  n e g a t iv e  r e s u l t s .
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1 )  Z i n c / A c e t i c  A c i d
T h e  d i m e t h y l  a c e t a l  ( 5 0  m g ,  0 * 1  m m o l )  i n  g l a c i a l  a c e t i c
J
a c i d  ( 2  m l )  w a s  t r e a t e d  w i t h  z i n c  d u s t  ( 1 0  m g ,  1 * 5  m o l ,  e q u i v . ) 
a n d  t h e  r e a c t i o n  t e m p e r a t u r e  m a i n t a i n e d  a t  8 0  ° C  f o r  3 0  m i n .
T h e  m i x t u r e  w a s  t h e n  b a s i f i e d  b y  t h e  a d d i t i o n  o f  a q u e o u s  
s o d i u m  h y d r o g e n  c a r b o n a t e  s o l u t i o n ,  e x t r a c t e d  w i t h  c h l o r o f o r m ,  
t h e  e x t r a c t  d r i e d  a n d  e v a p o r a t e d  t o  y i e l d  t h e  c y c l i c  a d d u c t  
( 4 ^  • R = C H ^ C H ^ P h) ( i d e n t i f i e d  "by n * m . r .  s p e c t r o s c o p y ) ,  w h i c h  
c r y s t a l l i s e d  f r o m  e t h y l  a c e t a t e ,  m , p ,  1 5 7 - 1 5 8  ° C  ( l i t .  p  1 2 1  156— 
157 °C ) .
2 )  L i t h i u m  A l u m i n i u m  H y d r i d e / T H F
T h e  d i m e t h y l  a c e t a l  ( 1 0 1  m g ,  0 . 2  m m o l )  i n  d r y  THF ( 3  m l )  
w a s  s l o w l y  a d d e d  t o  l i t h i u m  a l u m i n i u m  h y d r i d e  (15  m g ,  0 . 4  m m o l )  
i n  d r y  THF ( 3  m l )  u n d e r  a r g o n .  A f t e r  1 h  a t  r o o m  t e m p e r a t u r e  
f o l l o w e d  h y  1  h  a t  r e f l u x  t e m p e r a t u r e ,  t h e  r e a c t i o n  m i x t u r e  
w a s  c o o l e d  a n d  q u e n c h e d  h y  t h e  c a u t i o u s  d r o p w i s e  a d d i t i o n  o f  
s a t u r a t e d  a m m o n i u m  c h l o r i d e  s o l u t i o n  ( c a .  0 . 5  m l ) .  E x c e s s  
w a t e r  w a s  r e m o v e d  w i t h  a n h y d r o u s  s o d i u m  s u l p h a t e ,  t h e n  t h e  
m i x t u r e  w a s  f i l t e r e d  a n d  t h e  i n o r g a n i c  s a l t s  w a s h e d  w i t h  
T H F .  E v a p o r a t i o n  t h e n  y i e l d e d  a n  o i l  (98 r a g ) .  T . l . c .  o n  
a l u m i n a  ( e t h y l  a c e t a t e )  i n d i c a t e d  t h a t  m u l t i p l e  p r o d u c t s  h a d  
h e e n  f o r m e d ,  h u t  t h e  n . m . r .  s p e c t r u m  i n d i c a t e d  t h a t  p r e d o m i n a n t l y  
o n e  c o m p o u n d  w a s  p r e s e n t ,  S (CDCl^) 2 .3 7  (3H, s ,  H-CH^), 3 .17  
( 3 E ,  s ,  0-CK^ a t  C -6p), 3 .4 3  (3H, s ,  0-CH^ a t  C-6cc), 3 .8 4  
(3H, s ,  0-CH^ a t  C -3 ) ,  4 .8 3  (1H, s ,  H -5 ) ,  5-57 ( 1 H ,  d ,
10 Hz, H -7 ) ,  5 .8 6  (1H, d, J :-_7 10 Hz, H-8) , 6 .47  ( IE ,  d,
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-H -2  8 Hz> 6#57 ( 1H» ^  s )> 6 - 62 (1H, d, JH 1 8 Hz,
H - 2 ) , and 7*19 (5H, "br s ,  Ph.), A l l  a ttem p ts  to  c r y s t a l l i s e  t h i s  
m a t e r i a l ,  and to  remove th e  im p u r it ie s  "by chromatograohy  
f a i l e d .  T h is  m a te r ia l  was never i d e n t i f i e d  and a ttem p ts  to  
h y d r o ly se  i t  t o  th e  codeinone w ith  d i l u t e  a c id  a l s o  f a i l e d .
3) Sodium Amalgam
The d im ethy l a c e t a l  (100 mg, 0 .2  mmol) in  THF (5 ffll) and. 
w ater ( l  ml) was t r e a t e d  w ith  sodium amalgam (300 mg$ 3$)*
A f te r  18 h at room tem p eratu re , t . l . c .  in d ic a t e d  th a t  no r e a c t io n  
had ta k en  p la c e ,  so a fu r th e r  p o r t io n  o f  th e  amalgam was added 
and th e  m ixture h ea ted  under r e f l u x  fo r  4 h, then  l e f t  at  
room tem perature fo r  a fu r th e r  17 h .  T . l . c .  and n .m .r .  
s p e c tr o sc o p y  ag a in  showed th a t  no r e a c t io n  had tak en  p la c e .  
F i l t r a t i o n  and ev a p o ra t io n  y i e ld e d  c r y s t a l l i n e  s t a r t i n g  m a te r ia l  
m.p. 168-169  °C ( l i t .  p 122 172-173 °C ).
4) B ou veau lt—Blanc R eduction  (Sthanol/Sodium )
The d im ethyl a c e t a l  (100 mg, 0 .2  mmol) in  e th a n o l  (4  nil) 
and THF (4  ml) was h ea ted  under r e f l u x  and t r e a t e d  w ith  
sodium (18  mg, 0 . 8  mmol). A fte r  10 min, water (10 ml) was 
added, th e  m ixture e x tr a c te d  w ith  ch loroform , th e  e x tr a c t  
d r ie d  and evaporated  to  y i e l d  a c r y s t a l l i n e  s o l i d  (77 mg) •
N .m .r . sp e c tr o sc o p y  in d ic a t e d  th a t  t h i s  c o n s i s t e d  m ostly  o f  
s t a r t i n g  m a te r ia l  and t . l . c .  on s i l i c a  (methanol — ch loroforom ,  
2 :8 )  in d ic a t e d  th a t  ca ,  10 "by-products had a ls o  "been formed.
No product vias i s o l a t e d  from t h i s  r e a c t io n .
125
5) Chromous A ce ta te
The d im eth yl a c e t a l  (100 mg, 0 .2  mmol) in  THF (3 ml) was 
t r e a t e d  w ith  chromous a c e t a t e  (85 rag, 0 . 5  mmol) in  d im ethyl  
su lp h o x id e  (2  ml) under an atmosphere o f  car "bon d io x id e .
A f te r  3 h a t  room tem p erature , water was added, th e  m ixture  
e x t r a c te d  w ith  ch loroform  and th e  e x tr a c t  washed (8  x) w ith  
w a ter .  The e x t r a c t  was d r ie d  and evaporated  to  y i e l d  u n rea cted  
s t a r t i n g  m a t e r ia l ,  i d e n t i f i e d  hy n .m .r .  s p e c tr o s c o p y .
The ahove r e a c t io n  was rep ea ted  at 85 °C. ;The n .m .r .  
spectrum  in d ic a t e d  th a t  a l l  th e  s t a r t i n g  m a te r ia l  had "been 
consumed, hut a p le th o r a  o f  prod ucts  had now heen formed.
Ho redu ced  m a te r ia l  was o b ta in ed  from t h i s  p r o c e s s .
6) Chromous C hlorid e  1
The d im ethyl a c e t a l  (100 mg, 0 .2  mmol) in  a ce ton e  (15 nil) 
was t r e a t e d  w ith  an aqueous s o lu t io n  o f  chromous c h lo r id e  
(5 ml) at 0 °C w ith  p assage  o f  carbon d io x id e ,  th en  a llo w ed  to  
warm t o  room tem p eratu re . A fte r  J 2  h , th e  m ixture was d i lu t e d  
w ith  w ater ,  e x t r a c te d  w ith  ch loroform  and th e  e x tr a c t  d r ie d .  
E vap oration  th en  y i e l d e d  impure th eh a in e  h y d ro ch lo r id e  as an 
o i l .  Further  a ttem p ts  u s in g  t h i s  red u c in g  system  l e d  to  
m u lt ip le  product form ation  w ith  no ev idence  o f  form ation  o f  
th e  reduced  d im ethyl a c e t a l .
7) Zinc/Ammonium A ceta te
The d im ethyl a c e t a l  (100 mg, 0 .2  mmol) in  THF (3 ml) was 
t r e a t e d  w ith  z in c  (65 mg, 1 mmol) and ammonium a c e t a t e  (77 mg,
1 mmol) i n  m e thano l  (3 m l ) .  A f t e r  h e a t i n g  u n a e r  r e f l u : :  f o r
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6 h ,  th e  m ixture was f i l t e r e d ,  and, evap orated  to  y i e l d  s t a r t i n g  
m a t e r ia l ,  which was i d e n t i f i e d  hy n .m .r .  s p e c tr o s c o p y .  No 
r e a c t i o n  to o k  p la c e .
8) Zinc/Ammonium C hloride
The d im eth y l a c e t a l  (100 mg, 0 . 2  mmol) in  THF (5 ml) was 
t r e a t e d  w ith  z in c  (65 mg, 1 mmol) and ammonium c h lo r id e  (54  mg,
1 mmol) i n  w ater  (3 m l) .  The m ixture was h ea ted  under r e f l u x  
f o r  48 h ,  th en  kept at room tem perature f o r  5 d ays . Water 
(20 ml) was added, th e  m ixture e x t r a c te d  w ith  ch loro form , th en  
th e  e x t r a c t  d r ie d  and evap ora ted . T . l . c .  on s i l i c a  (m ethanol -  
c h lo r o fo r m ,2 :8 )  in d ic a t e d  th a t  some s t a r t i n g  m a te r ia l  remained  
a lo n g  w ith  4 o th e r  p r o d u c ts .  These were not i d e n t i f i e d .
9) Copper Chromite/Hydrogen
The d im ethyl a c e t a l  .(200  mg, 0 . 4  mmol) in  dry THF (10 ml) 
and dry e th a n o l  (5  ml) was hydrogenated  f o r  3 h at a tm osph er ic
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p r e s su r e  in  th e  p resen ce  o f  copper chrom ite  c a t a l y s t  (100  mg). 
Hydrogen was not tak en  up by th e  r e a c t io n ,  and, a f t e r  f i l t r a t i o n ,  
s t a r t i n g  m a te r ia l  was r e c o v ered  which was i d e n t i f i e d  by i t s  
n .m .r .  spectrum .
10) Sodium /Liquid  Ammonia
The d im eth yl a c e t a l  (147 mg, 0 .3  mmol) in  dry l i q u i d  
ammonia ( c a .  25 ml) was t r e a t e d  w ith  sodium (40 mg, 6 mol. e q u i v . ) .  
A fte r  th e  b lu e  c o lo u r  had d isap p eared , w ater ( c a .  20 ml) was 
added and th e  p rod u cts  p r e c i p i t a t e d  by th e  a d d it io n  o f  s o l i d  
c a rb o n  d i o x i d e .  The s o l i d  m a t e r i a l  vres f i l t e r e d ,  washed w i th
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w ater and d r ie d  under vacuum. T . l . c .  on s i l i c a  (methanol — 
ch loroform  2 :8 )  in d ic a t e d  th a t  th e r e  was s t i l l  s t a r t i n g  
m a te r ia l  p r e s e n t ,  and n .m .r .  sp ec tro sco p y  proved th a t  th e  
major product was d ih y d ro th eh a in e-0  (1 0 1 ) .
11) L ith iu m /L iq u id  Ammonia
The d im ethyl a c e t a l  (100 mg, 0 .2  mmol) in  dry l i q u i d  
ammonia (.ca. 25 ml) was t r e a t e d  w ith  l i th iu m  (5 mg, 3 mol. 
e q u i v . ) .  A f te r  30 min, w ater ( ca .  25 ml) was added and th e
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p ro d u cts  p r e c i p i t a t e d  hy th e  a d d it io n  o f  s o l i d  carbon d io x id e .  
E x tr a c t io n  w ith  ch loroform , dry in g  and ev a p o ra t io n  th en  y i e l d e d  
a c r y s t a l l i n e  s o l i d  which was shown hy n .m .r .  sp e c tr o sc o p y  to  
c o n s i s t  o f  d ih y d ro th eh a in e -0  (101) (.ca. 30$) and s t a r t i n g  
m a te r ia l  ( ca .  7 0 $ ) .
12) Palladium /H ydrogen
The d im ethyl a c e t a l  (100 mg, 0 .2  mmol) in  THF (3 ml) and 
e th a n o l  (3 ml) was hydrogenated f o r  5 k w ith  p a l la d iu m /c h a r c o a l  
c a t a l y s t  (10$; 10 mg). F i l t r a t i o n  and ev a p o ra t io n  y i e l d e d  
o n ly  s t a r t i n g  m a te r ia l  which was i d e n t i f i e d  hy i t s  n .m .r .  
spectrum .
13) T itanium  T r ic h lo r id e
The c y c l i c  adduct (50 ng, 0 .1  mmol) in  0 .2  IT anhydrous  
m eth a n o lic  hydrogen c h lo r id e  (2 ml) was t r e a t e d  at 0 C w ith  
anhydrous t i ta n iu m  t r i c h l o r i d e  (40 mg, 2 .5  mol. e q u iv . )  under 
an atmosphere o f  n i t r o g e n .  A fu r th e r  2 ml o f  th e  m eth an o lic  
hydro  men c h l o r i d e  was added,  then, t n e  r e a c t  ion  m ix tu re  was
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l e f t  a t  0 C f o r  1 .5  h . The m ixture was b a s i f i e d  "by th e  
a d d i t io n  o f  s o l i d  sodium hydro gen carb onate , e x t r a c te d  w ith  
ch lo ro fo rm , th e  e x tr a c t  d r ie d  and evaporated  to  y i e l d  a c r y s t a l l i n e  
s o l i d  (40  mg). The n .m .r ,  spectrum in d ic a t e d  th a t  t h i s  c o n s i s t e d  
m o stly  o f  th e  non-reduced  d im ethyl a c e t a l .
14) Sodium D i t h i o n i t e
The d im ethyl a c e t a l  (50 mg, 0 .1  mmol) in  THF (3 ml) was 
t r e a t e d  w ith  sodium d i t h i o n i t e  (174 mg, 10 mol.: e q i v . )  in  water  
(3  ml) under n i t r o g e n ,  and h eated  under r e f l u x  f o r  30 h.
The m ixture was b a s i f i e d  w ith  aqueous sodium hydrogen carb on ate ,  
e x t r a c te d  w ith  ch loroform , th e  e x tr a c t  d r ie d  and evap ora ted .
N .m .r .  exam ination  o f  th e  r e s id u e  in d ic a te d  th a t  predom inantly  
2 compounds were p r e s e n t ,  n e i th e r  o f  which was s t a r t i n g  m a te r ia l  
or th e  reduced  d im ethyl a c e t a l .  These compounds were n ever  
i d e n t i f i e d .
15) Sodium S u lp h ite /S od iu m  Hydrogen S u lp h ite
The d im ethyl a c e t a l  (50 mg, 0 .1  mmol) in  THF (2 m l) ,  was 
t r e a t e d  w ith  sodium s u lp h i t e  (190 mg, 1 .5  mmol) and sodium 
m e ta b is u lp h ite  (140 mg, 0 .7 5  mmol) in  water (2  ml) and 
h ea ted  under r e f l u x .  A fter  19 h, the  r e a c t io n  m ixture was c o o le d ,  
b a s i f i e d  w ith  aqueous sodium hydrogen carbonate and e x tr a c te d  
w ith  ch loroform . The e x tr a c t  was d r ie d  and evaporated  to  y i e l d  
a c r y s t a l l i n e  mass o f  s t a r t i n g  m a te r ia l ,  Ifo r e a c t io n  toolc 
p l a c e .
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R ed u ction  o f  th e  A ce ta l  ( 96 ; R = CH.flH PM to  th e  A c e ta l
;  C_----- - ■ ■
The d im eth y l a c e t a l  ( 96 - R = CH2CH2Ph) (100 mg, 0 .2 0  mmol)
in  dry p y r id in e  was t r e a t e d  w ith  phosphorus t r i c h l o r i d e  (20 ( i l ,
1 .1  mol. e q u iv . )  at room tem perature f o r  10 min. The m ixture
was d i l u t e d  w ith  5 U sodium hydroxide (5 ml) and w ater (20 m l) ,
th en  e x t r a c te d  w ith  ch loroform . The e x tr a c t  was d r ie d  and
ev a p o ra ted .  P y r id in e  was removed "by a z e o tr o p in g  w ith  to lu e n e
(4  x) t o  g iv e  a c r y s t a l l i n e  r e s id u e  o f  th e  reduced d im ethyl a c e t a l ,
which c r y s t a l l i s e d  from e th y l  a c e ta te  as prism s (78 mg, 80$ ) ,
m.p. 170-172  °C (Pound: C, 7 0 .9 ;  H, 6 . 9 6 ; H, 5 -6 6 .  C ^ H ^ N ^
r e q u ir e s  C, 7 1 .0 2 ;  E, 6 .9 4 ;  N, 5 -71$)  5 v (CHClJ 3 460 andmax* 3
1 665 cm- 1 ; 8  (CDCl^) 2 .33  (3H, s ,  H-CH ) ,  3 .03  (3K, s ,  0-CH3 
at C-6^) *. 3 .4 3  (3H, s ,  0-0H3 at C -6 « ) , 3 .9 0  (3H, s ,  0-CH^ at 
0 -3 )  , 4 .1 0  (1H, d, JH_ 1QOf 5 Hz, E - 9 ) ,  4 .6 2  (1H, d, JH_ ? c a .  1 Hz,
H -5 ) ,  5 .6 0  (1H, dd, Jh_ q 10 Hz and £ H_ 5 ca . 1 Hz, H -7 ) ,  6 .2 2
(1H, hr s ,  exchangeab le  w ith  HgO, 1IH), 6 .2 8  (1H, d,  ^ 10 Hz,
H - 8 ) , 6 . 5 8  (1H, d, 8 Hz, H - l ) ,  6 .6 4  (1H, d, -8 Hz,
H -2 ) ,  and 7 .3 2  (5H, hr s ,  P h ) ; m/e 490.
H y d r o ly s is  o f  th e  A c e ta l  ( 97 ; R = CELCH^h) to  g iv e  
1 48-(  3—phenylpropanoylam ino) codeinone ( 7 7 *  R = GK^CH^h)
The d im ethyl a c e t a l  ( 97 ; R = CH2CH2?h) (45 0 .0 9  mmol)
in  methanol (3 ml) c o n ta in in g  6N h y d r o c h lo r ic  a c id  ( 0 .2  ml)
and w ater ( l  ml) was h eated  at c a . 80 G fo r  30 min. The 
m ixture was b a s i f i e d  w ith  aqueous sodium hydrogen carbonate  
and e x t r a c te d  w ith  ch loroform . The e x tr a c t  was d r ie d  and
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evap oarted  -fco y i e l d  -the codeinone which c r y s t a l l i s e d  from 
e t h y l  a c e t a t e  (24  mg, 59$ ) ,  m.p. 187- I 88 °G (Found: C, 7 2 . 9 6 ?
H, 6 .3 0 ;  H, 6 .2 8 .  G27H28ir2°4 re(3.u i r e s  G> 72.97? H, 6 .3 1 ;  H,
6 . 3 1 $ ) ;  v max-( EBr) 3 360 and 1 680 cm- 1 ; (CDCl^) 2 .3 9  (3H, 
s ,  B’-CH^), 3*88 (3H, s ,  0-CH3 at C -3) ,  4 .8 9  (1H, s ,  H -5 ) ,
6 .0 8  (1H, d, 10 Hz, H -7 ) ,  6 .2 0  ( lH , d, 10 Hz, H-8 ) ,
6 .5 9  (1H, d, JR^ 2 9 Hz, H—l ) , 6 .6 8  (1H, d, 9 Hz, H -2 ) ,
6 .7 4  (1H, hr s ,  exchangeable  w ith  D O, HH), and 7 .2 7  (5K, hr 
s ,  Ph);  m/e 4 4 4 . .
P r e p a r a t io n  o f  th e  T heb aine/fl itrosocarbonylm ethane Adduct
(4 6  . r = GHj
Thebaine (5 g ,  1 6 .1  mmol) in  e th y l  a c e ta te  (400 ml) and 
sodium p e r io d a te  (5 g ,  23*4 mmol) in  aqueous sodium a c e t a t e  ( 0 .2  11, 
a d ju s te d  t o  pH 6 w ith  co n cen tra ted  h y d r o ch lo r ic  a c id )  (125 ml )  
were s t i r r e d  r a p id ly  at 0 °C. Acetohydroxamic a c id  ( 1 .8 0  g,
24*0 mmol) was added s lo w ly  over 10 min, th en  r a p id  s t i r r i n g  was 
c o n tin u ed  f o r  1 h . The m ixture was h a s i f i e d  hy th e  a d d i t io n  o f  
aqueous sodium hydrogen carbonate and th e  la y e r s  s e p a r a te d .
The aqueous la y e r  was e x tr a c te d  w ith  e th y l  a c e ta te  and th e  
combined e t h y l  a c e t a t e  la y e r s  washed w ith  aqueous sodium 
t h io s u lp h a te  and th en  w ater . The d r ie d  e th y l  a c e t a t e  s o l u t i o n  
was evap ora ted  to  y i e l d  th e  th eb a in e  adduct, which c r y s t a l l i s e d  
from e t h y l  a c e t a t e  as cuboids (5*63 g ,  91$)* m.p. 189—190 C 
( l i t . ^  194-196  °C) (Found: C, 6 5 . 8 ; H, 6 .0 9 ;  H, 7*16.
C21H24N2°5 reclu i r e s  G’ 6 5 .6 1 ;  H, 6 .2 9 ;  N, 7 .2 9 ^ );  vmax#( KSr)
1 680 cm” 1 ; 8 (CDCl^) 2 .0 1  (3H, s ,  COCH^), 2 .4 9  (3H, s ,  IT-CE^),
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3 .6 0  (3H, s ,  0-CH3 at C -6 ) ,  3 .8 2  (3H, s ,  0-CH3 at C -3 ) , 4 .6 0  
(1H, s ,  H -5 ) ,  4 .8 2  (1H, &, JH_ 10oc 7 Hz, H -9 ) ,  6 .1 3  (1H, d,
8 ^-z 9 H—'7 ) ,  6 .2 2  (1H, d, J^  8 Hz, H—8 ) ,  6 .6 6  ( lH , a,
i f l - 2  8 Hz’ H~ 1 ) ’ and 6#8°  ( 1H» d’ i g _ i  8 Hz> H” 2 ) ;  m/e 384 .
P r e p a r a t io n  o f  th e  Dimethyl A ceta l  (96 ; R = CH^ )
The th e h a in e  adduct (46 ; R = CH )^ (2 g , 5 .2  mmol) in  
0 .2 0  M anhydrous m eth an o lic  hydrogen c h lo r id e  (80 ml) was 
kept a t  0 °C f o r  10 min. The m ixture was n e u t r a l i s e d  hy 
th e  a d d i t io n  o f  s o l i d  sodium hydrogen carbonate and w ater was 
added to  th e  r e s u l t i n g  p a s te  to  d i s s o lv e  th e  s a l t s .  The 
m ixture was e x t r a c te d  w ith  chloroform  and th e  e x tr a c t  d r ie d  and 
evap ora ted  to  y i e l d  an e q u il ib r iu m  m ixture o f  c y c l i c  adduct 
( c a . 15$) and d im ethyl a c e t a l  (o a .  85$ ) .  C r y s t a l l i s a t i o n  from 
ch loroform  -  e t h y l  a c e ta te  y i e ld e d  th e  d im ethyl a c e t a l  ( I . 6 7  g ,  
7 7 $ ) ,  m.p. 181 °C (Pound: C, 63 .05 ;  H, 6 .4 5 ;  N, 6 .4 7 .
C22H28^2°6 re(lu i r e s  G> 6 3 .4 5 ;  H, 6 . 7 8 ; N, 6 .7 3 $ ) ;  vmax^(KBr)
3 290 and 1 64O cm” 1 ; 8  (CDCl^ 2 .1 7  (3H, s ,  COCF^), 2 .4 5  
(3H, s ,  N-CH3 ) ,  3 .2 3  (3H, s ,  0-CH3 at C -6 p ) , 3 .5 0  (3H, s ,
0-CH3 a t C-6oc), 3 .8 5  (3H, s ,  0-CH3 at C -3 ) ,  4 .3 1  ( lH , d, JH_ 10or
7 Hz, H -9 ) ,  4 .8 3  (1H, s ,  H -5 ) ,  5 .5 4  (1H, d, 10 Hz, H -7 ) ,
6 .3 4  (1H, d, JH_ 7 10 Hz, H -8 ) ,  6 .6 0  ( lH , d, £ H_ 2 6 Hz, H - l ) ,  
and 6 .6 6  ( lH , d, 6 Hz, H -2); m/e 416 .
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R ed uction  o f  th e  A c e ta l  ( 96 : R = CH ) t o  th e  A ce ta l
(.9 .7  .qH 3i >
T h e  d i m e t h y l  a c e t a l  (96  ; R = CH3 ) ( l  g ,  2 . 4  m m o l )  i n  
d r y  p y r i d i n e  ( 1 0  m l )  w a s  c o o l e d  t o  1 0  ° C ,  a n d  t r e a t e d  w i t h  
p h o s p h o r u s  t r i c h l o r i d e  ( 0.21  m l ,  1 .1  m o l .  e q u i v . )  t h e n  l e f t  
a t-  r o o m  t e m p e r a t u r e  f o r  1 0  m i n .  T h e  m i x t u r e  w a s  d i l u t e d  w i t h  
5 II s o d i u m  h y d r o x i d e  (50  m l )  a n d  w a t e r  (120  m l ) ,  t h e n  e x t r a c t e d  
w i t h  c h l o r o f o r m .  T h e  e x t r a c t  w a s  d r i e d  a n d  e v a p o r a t e d .  P y r i d i n e  
w a s  r e m o v e d  h y  a z e o t r o p i n g  (4  x )  w i t h  t o l u e n e  t o '  g i v e  a  
c r y s t a l l i n e  r e s i d u e  o f  t h e  a c e t a l .  C r y s t a l l i s a t i o n  f r o m  
m e t h a n o l  y i e l d e d  t h e  r e d u c e d  a c e t a l  (703 m g ,  73$ ) ,  m . p .  177-178
° C  ( P o u n d :  C ,  65.65  H ,  6 . 78 ; I?, 7 * 4 5 -  C2 2 ’H2 8 ^ 2 ° 5  r e ( l u i r e s  c > 
6 6 . 0 0 ;  H ,  7 . 0 0 ;  N ,  7 . 0 0 $ ) ;  v  ( K B r )  3  3 3 0  a n d  1 638 c m " 1 ;
8  ( C D C 1 3 )  2 . 0 0  ( 3 H ,  s ,  COCH ) ,  2 . 3 8  ( 3 H ,  s ,  N - C H ^ ,  3 . 1 3  
( 3 H ,  s ,  0 - C H ^  a t  C - 6 f ) ,  3 . 4 6  ( 3 H ,  s ,  0 - C H 3 a t  C - 6c c ) ,  3.89  
( 3 H ,  s ,  0 - C H 3 a t  C - 3 ) ,  4 . 1 4  ( lH , d ,  ^ _ 10<x & H z ,  H - 9 ) ,  4 .69  
( 1 H ,  d ,  J H c a .  1  H z ,  H - 5 ) ,  5 . 5 7  ( l H ,  d d ,  1 0  H z  a n d
c a .  1  H z ,  H - 7 ) ,  6 . 2 9  ( 1 H ,  h r  s ,  N H ) ,  6 . 3 2  ( l H ,  d ,  £ H_ 7  1 0  H z ,
H - 8 ) ,  6 .56  ( 1 H ,  d ,  J K__2  9  H z ,  H—l ) ,  a n d  6 . 7 0  ( l H ,  d ,
9  H z ,  H - 2 ) ;  m / e  4 0 0 .
H y d r o ly s is  o f  th e  A ce ta l  ( 97 * R = OH-,) t o  g iv e  l^ g—A c e t y l -  
am inocodeinone (7 7  ; R = CKQ
The d im ethyl a c e t a l  ( 97 ; R = CH3) (200 mg, 0 .5  mmol) 
in  methanol (15 ml) c o n ta in in g  6ll h y d r o c h lo r ic  a c id  ( l  ml) 
and w ater (5 ml) was h ea ted  under r e f l u x  fo r  3 0  min. The 
m ixture was "basified  w ith  aqueous sodium hydrogen caroonate
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e x t r a c t e d  w i t h .  c h l o r o f o r m  a n d  t h e  e x t r a c t  d r i e d #  E v a p o r a t i o n  
t h e n  y i e l d e d  t n e  c o d e i n o n e  w h i c h  c r y s t a l l i s e d  f r o m  m e t h a n o l  
( 1 4 8  m g ,  84# ) ,  m . p .  2 5 3 - 2 5 4  ° C  ( F o u n d s  C ,  67 . 5 ; H ,  5 . 9 5 s  N ,
8 . 3 5 .  C2 0 H2 2 N 2 ° 4  r e q -u i r e s  ^ 7 . 8 0 ;  H ,  6 . 2 1 ;  N ,  7 . 9 1 $ ) ?
v m a x / K B r )  3  3 6 0  a n d  1  676 1:0 1  cm""1 ; S  ( C D C l ^ )  1 . 9 9
( 3 H ,  s ,  C 0C H 3 ) ,  2 . 3 9  ( 3 H ,  s ,  N -C H 3 ) ,  3.80  ' ( 3 H ,  s ,  0 - C H ^  a t  C - 3 ) ,
4 . 8 7  ( 1 H ,  s ,  H - 5 ) ,  6 . 1 2  ( 2 H ,  s ,  H - 7  a n d  H - 8 ) ,  6 . 4 3  ( l H ,  d ,
^ - 2  9  H z ,  H—l ) ,  6 .64  ( 1 H ,  d ,  J H_ 1 9  H z ,  H - 2 ) ,  a n d  6 . 8 2  ( l H ,  
h r  s ,  N H ) ; m / e  3 5 4 *  '
P r e p a r a t i o n  o f  t h e  T h e b a i n e / N i t r o s o c a r b o n y l b e n z e n e  A d d u c t  ’
( 4 6  ; R a Ph)
T h e b a i n e  ( 2  g ,  6 .4  m m o l )  i n  e t h y l  a c e t a t e  ( 1 5 0  m l )  a n d
s o d i u m  p e r i o d a t e  ( 2 . 0 5  Si  9 * 8  m m o l )  i n  a q u e o u s  s o d i u m  a c e t a t e
( 0 . 2  K ,  a d j u s t e d  t o  pH  6  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d )
( 5 0  m l )  w e r e  s t i r r e d  r a p i d l y  a t  0  ° C .  N - B e n x o y l h y d r o x y l a m i n e
( 1 . 3 2  g ,  9 * 8  m m o l )  w a s  a d d e d  s l o w l y  o v e r  1 0  m i n  t h e n  r a p i d
s t i r r i n g  w a s  c o n t i n u e d  f o r  1  h .  T h e  m i x t u r e  w a s  h a s i f i e d  w i t h
a q u e o u s  s o d i u m  h y d r o g e n  c a r b o n a t e  a n d  t h e  l a y e r s  s e p a r a t e d .
T h e  a q u e o u s  l a y e r  w a s  e x t r a c t e d  w i t h  e t h y l  a c e t a t e  a n d  t h e
c o m b i n e d  e t h y l  a c e t a t e  l a y e r s  w e r e  w a s h e d  w i t h  a q u e o u s  s o d i u m
t h i o s u l p h a t e  a n d  t h e n  w a t e r .  T h e  d r i e d  e t h y l  a c e t a t e  s o l u t i o n
w a s  e v a p o r a t e d  t o  y i e l d  a  c r y s t a l l i n e  m a s s .  C r y s t a l l i s a t i o n
f r o m  e t h y l  a c e t a t e  t h e n  a f f o r d e d  t h e  a d d u c t  ( 2 . 2 3  g ,  7 8  $ ) ,
3 7
m . p .  1 6 2 - 1 6 3  ° C  ( l i t . ,  1 7 0 - 1 7 2  ° C  ( f r o m  b e n z e n e  -  p e t r o l ) )  
( F o u n d :  C ,  6 9 . 9 ?  H ,  5 - 8 3 ?  H ,  6 . 2 7 .  C2 6 E 2 6 N 2 ° 5  r e n -u i r e s  C ’
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6 9 . 9 5 ;  H, 5 . 8 3 ;  N, 6 . 2 8 $ ) ;  v (KHt) 1 665 era- 1 ; 6 (CDC1,)
iilCwJL f
2 .4 8  (3H, s ,  N-CH3) ,  2 .96  (3H, s ,  O-CH at C-6 ) ,  3 .8 4  (3H, s ,  
O-CHj a t C - 3 ) ,  4 . 6 2  (1H, s ,  H -5 ) ,  4 .9 7  ( lH ,  d, ^ _ 10a: 7 Hz, 
H - 9 ) ,  5 . 9 8  (1H, d,  9 Hz, H -7 ) ,  6 .3 3  (1H, d,  Jg  9 Hz,  
H-8 ) ,  6 .6 5  (1H, d,  J^_2 8 Hz, H—1 ) ,  6 .7 0  (1H, d,  JH_ X 8 Hz,
H—2 ) ,  and 7 . 2 8  t o  7 . 8 8  (5H, m , Ph); m / e  446 .
P r e p a r a t i o n  o f  th e  Dimethyl A ce ta l  ( 9 6  « R = Phj
T h e  t h e b a i n e  a d d u c t  ( 4 6  • R  =  P h )  ( 2 . 8 6  g ,  6 . 4  m m o l )  i n
0 . 2 0  N a n h y d r o u s  m e t h a n o l i c  h y d r o g e n  c h l o r i d e  ( 1 0 0  m l )  w a s  k e p t  
a t  0  ° C  f o r  1 5  m i n .  T h e  m i x t u r e  w a s  b a s i f i e d  b y  t h e  a d d i t i o n  
o f  s o l i d  s o d i u m  h y d r o g e n  c a r b o n a t e ,  t h e n  w a t e r  w a s  a d d e d  t o  
t h e  r e s u l t a n t  p a s t e  t o  d i s s o l v e  s a l t s .  T h e  m i x t u r e  w a s  
e x t r a c t e d  w i t h  c h l o r o f o r m ,  d r i e d  a n d  e v a p o r a t e d  t o  y i e l d  a n  
e q u i l i b r i u m  m i x t u r e  o f  _ c a .  3 7 $  c y c l i c  a d d u c t  a n d  c a .  63$
d i m e t h y l  a c a t a l .  C r y s t a l l i s a t i o n  f r o m  e t h y l  a c e t a t e  y i e l d e d
o n l y  a  s m a l l  a m o u n t  o f  c y c l i c  a d d u c t .  T h e  d i m e t h y l  a c e t a l  w a s  
o b t a i n e d  b y  p r e p a r a t i v e  t . l . c .  o f  t h i s  m i x t u r e  o n  I - I e r c k  ^ 2 5 4  
a l u m i n a  ( c h l o r o f o r m  -  b e n z e n e ,  1 : 1 ) ,  b u t  t h e  r e c o v e r y  w a s  l o w ,  
e g  1 g  o f  m i x t u r e  y i e l d i n g  o n l y  c a .  200 m g o f  p u r e  a c e t a l .
T h e  d i m e t h y l  a c e t a l  c r y s t a l l i s e d  f r o m  m e t h a n o l  a s  n e e d l e s ,  
m . p .  1 6 1  ° C  ( P o u n d :  C ,  6 7 . 9 0 ;  H ,  6 . 3 5 *  H ,  6 . 0 7 .  ^ 2 7 ^ 3 0 ^ 2 ^ 6
r e q u i r e s  C ,  6 7 . 7 8 ;  H ,  6 . 2 8 ;  N ,  5 * 8 6 $ ) ;  v raar  ( K B r )  3  2 2 0  a n d  
1  6 3 3  cm” 1 ; 8  ( C D C l ^ )  2 . 3 6  ( 3 H ,  s ,  N - C H ^ ) ,  3 . 0 6  ( 3 H ,  s ,  0 - C H ^  
a t  C - 6 p ) ,  3 . 4 2  (3K, s ,  0 - C H 3 a t  C - 6 c c ) , 3 .83  ( 3 H ,  s ,  0 - C H 3 a t  
C - 3 ) ,  4 . 2 3  ( l H ,  d ,  J 1Qoc 5  H z ,  H - 9 ) ,  4 . 7 8  ( l H ,  d ,  J H_ ?  1 H z ,
H -5 )f 5 .5 6  (1 3 , dd, 10 Hs and 1 Hz, E-7), 6 .3 5  (lH,
d * J g -7  10 H s* E~®) 6 -50 (1H, d, 9 Hz, H—l ) , 6 .6 3  (1H,
d * 1 ^ -1  ^ H», H -2 ) , and 7.25 t o  7. 8I (5H, m, Ph); m/e 478.
Reduction o f  th e  A c e ta l ( 96 . r = ph) to  th e  A c e ta l 
( 97 ; R = Ph)
A mi x tu r e  o f  th e  dimethyl a c e ta l  { 96 • a -  ph) ( Ca. 80$) 
and  u m reac ted  c y c l i c  adduct ( 46 ; a  = ph) ( c a .  20$) (300 mg) 
was d is s o lv e d  i n  d ry  p y r id in e  (4 ml) and t r e a t e d  with. ohosohorus 
t r i c h l o r i d e  (48 p.1, c a .  1 .1  m ol. e q u iv .)  a t  room te m p e ra tu re  
f o r  10 m in . The m ix tu re  was d i lu te d  w ith  5 E sodium  h y d ro x id e  
(1 0  m l) and  w a te r  (40 sa l) , th e n  e x t r a c te d  w ith  ch lo ro fo rm .
The e x t r a c t  was d r ie d  and e v a p o ra te d . P y r id in e  was rem oved 
hy a z e o tro p in g  w ith  to lu e n e  (4 x) to  g iv e  a  c r y s t a l l i n e  r e s id u e ,  
n .m . r .  s p e c tro sc o p y  showed t h i s  t o  he a  m ix tu re  o f  c y c l i c  adduct 
and re d u c e d  d im e th y l a c e t a l ,  ( c a .  2 0 ;80) .  C r y s t a l l i s a t i o n  
from  e th y l  a c e ta te  y ie ld e d  th e  red u ced  d im eth y l .a c e ta l 
(90  mg, 3 9 $ ) , m .p- 230—232 °C (Found; C, 7 0 .2 3 : E , 6 .7 4 : E,
5 .7 .  r e q u i r e d  G, 70.13? E, 6 .49? E , 6 .0 6 $ ) vm^
(XBr) 3 46O and  1 660 ca” 1 ; 8 (C3K31,) 2 .3S  (3 3 , s ,  II-C E-J,
2 .9 0  (3 3 , s ,  0—CH  ^ a t  G -6p ), 3 .4 4  (3H, s ,  O-GE^ a t  C-6ec),
3 .8 9  (3E , s ,  O-CE^ a t  C -3 ) , 4 .2 8  ( IE , d , 5 Hz, E -9 ) ,
4 .0 0  ( I E , d , J ^  c a . 1 Ms, H -5 ), '5 .6 2  ( I E ,  dd, 10 Hz
and  c c a .  1 Hz, H—7 ) ,  6 .4 7  ( IE , d , *[~_j 18 H—8 ) ,
6 .6 2  ( M , d , JU „ 8 E z. H—1 ) ,  6 .7 4  ( IE , d , 8 Hz, H -2 ),
—“'£■>» jE; -H- "A




H y d r o l y s i s  o f  t h e  A c e t a l  (97 ; R = P h )  t o  g i v e  1 4 ^ - B e n z o y l -  
a m i n o c o d e i n o n e  (77 ,  R = p h )
T h e  d i m e t h y l  a c e t a l  (97  * R = p h )  ( 6 0  m g ,  0 .14  m m o l )  i n  
m e t h a n o l  (3  m l )  c o n t a i n i n g  5 n  h y d r o c h l o r i c  a c i d  ( l  m l )  
a n d  w a t e r  ( l  m l )  w a s  h e a t e d  u n d e r  r e f l u x  f o r  3 0  m i n .  T h e  m i x t u r e  
w a s  " b a s i f i e d  w i t h  a q u e o u s  s o d i u m  h y d r o g e n  c a r b o n a t e ,  e x t r a c t e d  
w i t h  c h l o r o f o r m  a n d  t h e  e x t r a c t  d r i e d .  E v a p o r a t i o n  t h e n  y i e l d e d  
t h e  c o d e i n o n e  w h i c h  c r y s t a l l i s e d  f r o m  e t h y l  a c e t a t e  a s  c u b o i d s ,  
(47 m g ,  87# ) , m . p .  2 5 6 - 2 5 9  °G ( P o u n d :  C, 7 1 . 7 5 ;  H, 5 . 6 8 ;  N,
6 . 7 4 .  C2 5 H 2 4 N 2 ° 4  r e c *u i r e s  G > 7 2 . 1 1 ;  H ,  5 . 7 7 ?  N ,  6 . 7 3 $ ) ;
( E B r )  3 3 3 5 ?  1  6 8 2  a n d  1 65 7  cm” 1 ; 8 ( C D C l J  2 . 5 0  ( 3 H ,
IQ oJL  # j
s ,  N - C H 3 ) ,  3.86  ( 3 H ,  s ,  0 - C H 3 a t  C - 3 ) ,  5 . 0 7  ( 1 H ,  s ,  H - 5 ) ,
6 . 2 8  ( 2 E ,  s ,  H - 7  a n d  H - 8 ) ,  6.65  ( l H ,  d ,  .  9  H z ,  H - l ) ,  6 . 7 1—n —d
( 1 H ,  d ,  J _  _ 9 H z ,  5 . - 2 ) ,  a n d  7 . 2  t o  7 . 9  ( 5 H ,  m , P h ) ; m / e  416 .
P r e p a r a t i o n  o f  t h e  T h e b a i n e / B e n z y l n i t r o s o c a r b o n y l  A d d u c t  
( 46  ; a = CH^ Ph)
T h e b a i n e  ( 2  g ,  6 , 4  m m o l )  i n  e i h y l  a c e t a t e  ( 1 5 0  m l )  a n d  
s o d i u m  p e r i o d a t e  ( 2.05  7 .6  m m o l )  i n  a q u e o u s  s o d i u m  a c e t a t e
( 0 . 2  M, a d j u s t e d  t o  pH o  w i t h  c o n c e n t r a t e d  h j r d r o c h l o r i c  a c i d )
( 5 0  m l )  w e r e  s t i r r e d  r a p i d l y  a t  0  ° C .  H—( 2 - P h e n y l e t h a n o y l ) — 
h y d r o x y l a m i n e  ( l . 46g ,  9*6 m m o l )  w a s  a d d e d  s l o w l y  o v e r  10 m i n ,  
t h e n  r a p i d  s t i r r i n g  w a s  c o n t i n u e d  f o r  1 h .  T h e  m i x t u r e  w a s  
b a s i f i e d  w i t h  a q u e o u s  s o d i u m  h y d r o g e n  c a r o o n a t e  a n d  t h e  l a y e r s  
s e p a r a t e d ,  T h e  a q u e o u s  l a y e r  w a s  e x t r a c t e d  w i t h  e t i r y l  a c e t a t e  
a n d  t h e  c o m b i n e d  e t h y l  a c e t a t e  l a y e r s  w e r e  w a s h e d  w i t h  a q u e o u s
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sodium t h io s u lp h a t e  and then  w ater . The d r ie d  e th y l  a c e t a t e  
s o l u t i o n  was evaporated  to  g iv e  a q u a n t i t a t iv e  y i e l d  o f  
th e b a in e  adduct as an o i l ,  A sm all specimen c r y s t a l l i s e d  
from e t h y l  a c e t a t e /d i - i s o  propyl e th er  a f t e r  c o o l in g  at 0 °G 
fo r  14 months, m.p. I 46- I 4 6 . 5  (Pounds C, 7 0 .2 6 ;  H, 6 .3 ;  IT,
5 . 9 6 .  C ^ H g g N ^  r e q u ir e s  C, 70 .4 3 ;  H, 6 .0 8 ;  IT, 6 .0 8 $ ) ;  
vm ax .(KBr) 1 676 cm' 1 ’ 8 (CDC13 ) 2 .41  (3H, s ,  N-CH3 ) ,  3 .4 6  
(3H, s ,  0-CH3 at C -6 ) ,  3 .7 9  (3H, s ,  0-CH3 at C -3 ) ,  4 .6 1  ( lH ,  
s ,  H -5 ) ,  4 .8 2  (1H, d, 7 Hz , H -9 ) ,  5 .9 3  (1H, d,
10 Hz, H -7 ) ,  6 .1 0  (1H, d, JH_ 7 10 Hz, H -8 ) , 6 .5 2  ( lH , d,
J^_2 8 Hz, H - l ) ,  6 .6 6  (1H, d, ^  8 Hz, H -2 ) ,  and 7 . 1 8
(5H, m, P h ) ; m/e 46O.
P r e p a r a t io n  o f  t h e  D i m e t h y l  A c e t a l  (96 ; R = CH2P h )
The th e b a in e  adduct (46 ; R = CHgPh) (3 g ,  6 .1  mmol) 
in  0 .2 0  M anhydrous m eth an o lic  hydrogen c h lo r id e  (100 ml) 
was kept at 0 °C f o r  10 min. The m ixture was b a s i f i e d  by 
th e  a d d i t io n  o f  s o l i d  sodium hydrogen carbonate and water was 
added to  th e  r e s u l t a n t  p a s te  to  d i s s o lv e  s a l t s .  The m ixture  
was e x t r a c te d  w ith  chloroform  and th e  e x tr a c t  d r ie d  and 
evap ora ted  t o  y i e l d  an e q u il ib r iu m  m ixture o f  th e  c y c l i c  
adduct ( c a .  10$) and d im ethyl a c e t a l  ( c a .  9 0 $ ) .  C r y s t a l l i s a t i o n  
from e t h y l  a c e t a t e  -  l i g h t  petroleum  ( b .p .  60—80 C) gave th e  
dim ethyl a c e t a l  ( 1 .6 8  g, 5 2 $ ) ,  m.p. 151-152 °C (Pound: C,
6 8 .4 1 ;  H, 6 .4 1 ;  N,  5 .6 4 .  G2 8 E 3 2 N20 6 r e c lu i r e s  G> 6 8 * 2 3* H,
6 .5 0 ;  N, 5 . 69$ ) ;  v . (iCBr) 3 250 and 1 648 cm” 1 ; 6 (CDC1 )nicLX •
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2 .4 2  (3H, s ,  N-CH^), 2 .6 8  (3H, s ,  0-CH3 at C-6p ) ,  3 . 4 4  
(3H, s ,  O-CH^ at C-6cc), 3 .86  (3H, s ,  0-CH3 at C -3 ) ,  4 .3 7  (lH ,  
d’ 4 - 1 0 «  6 Hz’ H” 9 ) ’ 4 - 80 ( 1H» d> ca* 1 h “5 ) 9 5 .5 1
(1H, dd, Je _ q  10 Hz and ca .  1 Hz, H -7 ) ,  6 .2 8  ( lH , d,
10 Hz, H-8 ) ,  6 .5 4  (1H, d, J g _ 2  8 Hz, H - l ) , 6 .6 6  (1H, d,
4 _ l  8 ^ z > ^” 2 ) ,  and 7 .1  to  7 .4  (5H, Tar s ,  P h ) ; H+ (492) was 
v ery  weak, hut H-OH (475) was observed .
R ed uction  o f  th e  A c e ta l  Q S  . R = CH^Ph) to  th e  A c e ta l  
(97 ; R = CHJPh)
The d im ethyl a c e t a l  ( 96 ; R = CHgPh) (500 mg, 1 .0 2  mmol) 
in  dry p y r id in e  (5 ml) was t r e a t e d  w ith  phosphorus t r i c h l o r i d e  
(100 p i ,  1 .1  mol. e q i v . )  at room tem perature fo r  10 min. The 
m ixture -/was d i lu t e d  w ith  5 N sodium hydroxide (25 ml) and 
w ater (_ca. 60 m l) ,  them e x tr a c te d  w ith  ch loroform . The 
e x tr a c t  was d r ie d  and evap orated . P y r id in e  was removed hy 
a z e o tr o p in g  w ith  to lu e n e  (4 x ) , then  th e  r e s id u e  was d i s s o lv e d  
in  ch loroform  and p a ssed  through a grade I n e u tr a l  alumina  
column (20 mm x  200 mm). The dim ethyl a c e t a l  c r y s t a l l i s e d  
from e t h y l  a c e t a t e  -  d i - i s o p r o p y l  e th er  (130 mg, 27$ ) ,  
ap p aran tly  as th e  h a l f  h y d ra te ,  m.p. I 64- I 65 °C w ith  darkening
at 92-93  °C (Pound: C, 6 9 . 6 8 ; H, 6 .6 9 ;  N, 5*44. ^28^32^2^5* ^  ^2^
r e q u ir e s  C, 6 9 .2 7 ;  H, 6 .8 0 ;  N, 5*77$); v a_ (KBr) 3 260 andmaa. #
1 630 cm"”1 ; 6 (CDC13 ) 2 .3 4  (3K, s ,  N-CF^), 3 .00  (3H, s ,  0-CH3 
at C -6^ ), 3 .3 9  (3H, s ,  0-CH3 at C -6 a ) , 3 .5 8  (2H, s ,  COCiyPh),
3 .8 5  (3H, s ,  0-CH3 at C -3 ) ,  4 .0 0  ( lH , d, 4 _ 10cC 6 Hz> H“ 9 ) ’
139
4*54 ( lH , d, ca,. 1 Hz, H—5 ) ,  5*60 (lH , dd, Jg_g 9 Hz, and
I h _ 5 0£- 1 H -7 ) ,  6 .2 6  ( lH , d, J 9 Hz, H-8 ) , 6 .2 6
(1H, hr s ,  N-H), 6 . 5 8  (1H, d, 8 Hz, H - l ) ,  6 .7 0  (1H, d,
8 Hz, H-2) and 7*37 (5H, m, P h ); m/e 476'.
H y d r o ly s i s  o f  th e  Acei;al (97 ; R = CH^Ph) t o  g iv e  
14^—( 2-Pheny leth an oy lam ino) codeinone (77 ; R = CH^Ph)
The d im eth yl a c e t a l  ( • R = CH2Ph) (222 1tig, 0 .4 7  mmol)
in  methanol (15 ml) c o n ta in in g  6 N h y d ro ch lo r ic  a c id  ( l ‘ ml) 
and w ater (5 m l) ,  was h eated  under r e f l u x  f o r  30 rain. The 
m ixture was "basified  w ith  aqueous sodium hydrogen carbonate  
e x t r a c te d  w ith  chloroform  and the  e x tr a c t  d r ie d .  E vaporation  
th en  y i e l d e d  th e  codeinone which c r y s t a l l i s e d  from chloroform  -  
e t h y l  a c e t a t e  (70 mg, 35$)? m.p. 237-240 °C, w ith  c r y s t a l  
growth above 207 °C (Pound C, 7 2 .3 0 ;  H, 6 .1 7 ;  N, 6 .4 4 .
° 26H26N2°4  re(lu i r e s  c ’ 7 2 .5 6 ;  H, 6 . 4 6 ; N, 6 . 51$ ) ;  vmax^(KBr)
3 300 , 1 6 7 6 , and 1 662 cm” 1 ; & (CDCl^ 2 .23  (3H, s ,  IT-CH^, 
3 .6 0  ( 2H, s ,  COCHgPh), 3 .8 2  (3H, s ,  0-CH^ at C -3 ) ,  4 .9 1  
(1H, s ,  H -5 ) ,  6 .1 7  (2H, s ,  H-7 and H-8 ) , 6 .6 1  ( lH , d,
9 Hz, H - l ) ,  6 .7 4  (1H, d, JH_ 1 9 Hz, H -2 ) ,  7 .0 0  ( lH ,  
br s ,  NH), and 7 .3 5  (5H, s ,  P h ); m/e 430.
P re p a r a t io n  of  th e  T h e b a i n e / 3 —rh enyln itrosocarbonyl'oronane  
Adduct (4
Thebaine (2 g ,  6 .4  mmol) in  e th y l  a c e t a t e  (150 ml) and 
sodium p e r io d a te  ( 2 .05  g , 9*6 mmol) in  aqueous sodium ace oate
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(0*2 M> a d ju s te d  t o  Ph 6 w ith  con cen tra ted  h y d ro ch lo r ic  
a c id )  (50 ml) were s t i r r e d  r a p id ly  at 0 °C. N -(4 -P h e n y l-  
hutanoy 1 ) hydroxy 1 amine ( 1 .7 3  g, 9 . 6  mmol) was added 
s lo w ly  over  10 min, th e  ra p id  s t i r r i n g  was con tin u ed  f o r  
1 h# The m ixture was b a s i f i e d  w ith  aqueous sodium hydrogen  
carb on ate  and th e  la y e r s  sep a ra ted .  The aqueous la y e r  was 
e x t r a c te d  w ith  e th y l  a c e ta te  and th e  combined e th y l  a c e t a t e  
l a y e r s  were washed w ith  aqueous sodium th io su lp h ia te  and th en  
w a ter .  The d r ie d  e th y l  a c e t a t e  s o lu t io n  was evaporated  to  
y i e l d  th e  th e b a in e  adduct as an o i l  ( 2 .99  96$ ) •  '
a n a l y t i c a l  specim en was prepared by p a s s in g  some o f  th e  
crude m a te r ia l  through a grade I I I  alumina column (20 mm x 
200 mm) in  ch loroform . The th eb a in e  adduct then  c r y s t a l l i s e d  
from e t h y l  a c e t a t e ,  m.p. 109-111 °C (Pound: C, 7 1 .0 3 ;  H, 6 .1 2 :
N, 5 . 7 1 .  C29H32N2°5 re<iu i r e s  c ’ 71 .31 ;  H, 6 . 56 ; N, 5*74$);
v (KBr) 1 667 cm” 1 ; 6 (CDClJ 2 .4 8  (3H, s ,  N-CH ) ,  3 .4 6  max. _> 0
(3H, s ,  0-CH3 a t 0 - 6 ) ,  3 .83  (3B, s ,  0-CH3 at C -3 ) ,  4 .5 9  (1H, 
s ,  H -5 ) ,  4 .8 8  (1H, d, JH_ 1 0 c t7 HZ, H -9 ) ,  6 .0 1  (1H, d’ 4 h -8  
10 Hz, H -7 ) ,  6 .1 1  (1H, d, 10 Hz, H - 8 ) ,  6 .6 2  (IK, d,
8 Hz, H - l ) ,  6 .7 0  (1H, d ,  8 Hz, H -2 ) ,  and 7 .2 4
(5H, br s ,  Ph); m/e 4 88 .
P r e p a r a t i o n  o f  t h e  D i m e t h y l  A c e t a l  ( 96 ; R = CH^ CH^ CH^ Ph)
The t h e b a i n e  a d d u c t  (46  ; R = CH^CHgCH^ -^h) (1 .1 7  
2 .4  m mol )  in  0 .2 0  M a n h y d r o u s  m e t h a n o l i c  h y d r o g e n  c h l o r i d e  
(50  m l )  w a s  k e p t  a t  0 °C f o r  10 m i n .  T h e  m i x t u r e  was
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n e u tr a l i s e d ,  "by th e  a d d it io n  o f  s o l i d  sodium hydrogen carbonate
and w ater  was added to  th e  r e s u l t a n t  p a s te  to  d i s s o lv e  s a l t s .
The m ixtu re  was e x tr a c te d  w ith  chloroform  and th e  e x tr a c t
d r ie d  and evap orated  to  y i e l d  an e q u il ib r iu m  m ixture o f  c y c l i c
adduct ( c a .  40^) and dim ethyl a c e t a l  ( c a . 60^ ). C r y s t a l l i s a t i o n
from e t h y l  a c e t a t e  y i e ld e d  th e  dim ethyl a c e t a l  (423 mg, 34$ ) ,
m.p. 125-127  °C (Pound: C, 68 .41 ;  H, 6 . 4 1 ? N, 5 . 64 . C28H32N2°6
r e q u ir e s  C, 6 8 .2 3 ;  H, 6 . 5O; N, 5 . 69$ ) ;  v (KBr) 3 220 andmax #
1 640 cm*”1 ; S (CDC13 ) 2 .4 0  (3H, s ,  N-CH ) ,  3 .12  '(3H, s ,  0-CH3 
at C-6 p ) ,  3 .4 8  (3H, s ,  0-CH3 at C-6 cc), 3 .8 6  (3H, s ,  0-CH3 at  
C -3 ) ,  4 .3 1  (1H, d, ^ ^ 7  Hz, H -9 ) ,  4 .8 2  (1H, d, JH_ 7 ca .
1 Hz, H -5 ) ,  5 .5 4  (1H, dd, J ^ g  10 Hz and J ca .  1 Hz, H -7 ) ,  
6 .3 4  (1H, d, 10 Ez, H-8 ) ,  6 .5 7  (1H, d, 8 Hz, H - l ) ,
6 .6 3  (1H, d, J__ _ 8 Hz, H -2 ) ,  and 7 .2 3  (5H, br s ,  P h ) ; M+
(520) was v ery  weak, but M-OH (503) was ob served .
R ed uction  o f  th e  A ce ta l  (96 ; R = CH^CH^CHJPh) to  th e  A c e ta l
The d im eth yl a c e t a l  ( 96 ; R = CE^CH^CH^Ph) (200 mg,
O.3 8  mmol) in  dry p y r id in e  (4 ml) was t r e a t e d  w ith  phosphorus  
t r i c h l o r i d e  (41 p i ,  1 .1  mol. e q u iv . )  at room tem perature fo r  
10 min. The m ixture was d i lu t e d  w ith  5 N sodium hydroxide  
(10 ml) and water (40 m l) ,  then  e x tr a c te d  w ith  ch loroform .
The e x tr a c t  was d r ie d  and evaporated . P y r id in e  was removed 
by a z e o tr o p in g  w ith  to lu e n e  (4 x ) , and th e  r e s u l t i n g  s o l i d  
c r y s t a l l i s e d  from e th y l  a c e ta te  to  y i e l d  th e  red u ced dim ethyl
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a c e t a l  ( 1 30 mg, 6 7 # ) ,  m.p. 80 °C. T . l . c .  on s i l i c a  (methanol -  
ch loro form , 2 : 8 ) in d ic a te d  th a t  even a f t e r  th r e e  r e c r y s t a l l i s a t i o n s  
th e  main product (R^ , 0 . 60 ) was contam inated w ith  a sm all amount 
o f  im p u r ity  0 . 7 4 ) .  v max#(KBr) 3 530 and 1 635 cm"1 ; 
fc (CDC13) 2 .3 8  (3H, s ,  N-CH3) ,  3 .0 4  (3H, s ,  0-CH3 at C-6p ) ,
3 .4 4  (3H, s ,  0-CH3 at C-6cc), 3 .8 7  (3H, s ,  0-CH3 a t C -3),
4 .4 4  (1H, d, Hz, H -9 ) ,  4 .6 6  (lH , d, J c a .  1 Hz,
H -5 ) ,  5*57 (1H, dd, 10 Hz and J ca .  1 Hz, H -7 ) ,  6 .2 4
\
(1H, br s ,  NH), 6 .3 0  ( lH , 4, 10 Hz, H-8 ) ,  6 . 5 8  ( lH , d,
Jg_2 8 Hz, H - l ) ,  6 .6 7  (1H, d, Jg 8 Hz, H -2 ) ,  and 7 .2  t o  7 . 4  
(5H, br s ,  Ph); m/e 504.
H y d r o ly s is  o f  th e  A c e ta l  ( 97 ; R = CHgCHgCH^Ph) to  g iv e
14ft— (4—ffhenylbutanoylam ino)codeinone ( 77 ; R = CH^CH^CH^Ph)
The d im ethyl a c e t a l  ( 97 ; R = CH^CH^CH^Ph) (60 mg,
0 . 1 2  mmol) in  methanol (4  ml) c o n ta in in g  6 N h y d r o c h lo r ic  a c id
( l  ml) and w ater (2 ml) was heated  under r e f l u x  f o r  30 min.
The m ixture was b a s i f i e d  w ith  aqueous sodium hydrogen
carbonate,. e x tr a c te d  w ith  chloroform  and th e  e x tr a c t  d r ie d .
E vap ora tion  th en  y i e ld e d  th e  codeinone which c r y s t a l l i s e d
from e t h y l  a c e t a t e  (48 mg, 8 3 # ) ,  m.p. 195 0 (Found: C, 7 3 .3 6 ;
H, 6 .2 9 ;  N, 5 .7 2 .  C2qH30N204 r e q u ir e s  C, 7 3 .3 6 ;  H, 6.55?
IT, 6 . 1 1 # ) ;  v (KBr) 3 380 and 1 682 cm"1 ; g  (CDC1 ) 2 .4 0  max. o
(3H, s ,  N-CH3 ) ,  3 .8 0  (3H, s ,  0-CE3 at C -3 ) ,  4 .9 2  (1H, s ,  H -5),
6 .1 5  (2H, s ,  H-7 and H -3 ) , 6 .6 0  (lH , d, Jg_ 2 8 Hz, H -l)  6 .69
(1H, d, JTT _ 8 Hz, H -2 ) ,  6 .8 1  (IK, br s ,  ITH), and 7 .1  ^0 7 .4  
—H -l
(5K, br s ,  P h ) ; m/e 45^.
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P r e p a r a t io n  o f  t he T h eb a in e/N itrosocarb onylpentane Adduct 
( 4 6  ; R = (CH2 ) 4 CHj
Thebaine ( l  g ,  3 .2  mmol) in  e th y l  a c e ta te  (75 ml) 
and sodium p e r io d a te  ( 1 .0 2  g , 4 . 8  mmol) in  aqueous sodium 
a c e t a t e  ( 0 . 2  M, adusted  to  pH 6 w ith  con cen tra ted  h y d r o c h lo r ic  
a c id )  (25 ml) were s t i r r e d  r a p id ly  at 0 °C. N -H exanoylhydroxyl-  
amine ( 0 .6 3  g ,  4 .8  mmol) in  e th y l  a c e ta te  (20 ml) was added
s lo w ly  over  10 min, th en  ra p id  s t i r r i n g  was con tin u ed  f o r  1 h.
The m ixture  was "basified  w ith  aqueous sodium hydrogen carbonate  
and th e  l a y e r s  s e p a ra ted .  The aqueous la y e r  was e x tr a c te d  
w ith  e t h y l  a c e t a t e  and th e  combined e th y l  a c e ta te  la y e r s  
washed w ith  aqueous sodium t h io s u lp h a te ,  th en  w ater . The
d r ie d  e t h y l  a c e t a t e  s o lu t io n  was evaporated to  y i e l d  th e
th e b a in e  adduct as a foam (1 .4 0  g, 99$)* S (CDCl^) 0 . 7  to
1 .7  ( c a .  11H, m, (CH2) 4 CH3 ) ,  2 .48  (3H, s ,  N-CH3 ) ,  3 .6 4  (3H, 
s ,  0-CH3 at C-6 ) , 3 .8 4  (3H, s ,  0-CH3 at C -3 ) ,  4 .6 3  (1H, s ,
H -5 ) ,  4 .9 1  (1H, d, Jg_10cc7 Hz, H -9),  6 .1 0  ( lH , d, JH_8 10 
Hz, H -7 ) ,  6 .1 7  (1H, d, JH_ ? 10 Hz, H-8 ) ,  6 .6 7  ( lH , d,
10 Hz, H - l ) ,  and 6 .7 4  (1H, d, 10 Hz, H -2 ) .
P r e p a r a t io n  o f  th e  Dimethyl A ceta l  (96 ; R = (CH^l^CH^
The th e b a in e  adduct (46 5 R = (CHg^CH^ (7 S, 15*9 
mmol) in  0 . 2 0  K anhydrous m ethanolic  hydrogen c h lo r id e  
(200 ml) was kept at 0 °C fo r  10 min. The mixture was 
n e u t r a l i s e d  by th e  a d d it io n  o f  s o l i d  sodium nydrogen carbonate  
and w ater was added to  the  r e s u l ta n t  p a s te  to  d i s s o lv e  s & lt s .
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The m ixture was e x tr a c te d  w ith  chloroform and th e  e x tr a c t  d r ie d  
and ev a p o ra ted  to  y i e l d  an eq u ilib r iu m  mixture o f  c y c l i c  adduct 
(jca. 30%) and d im ethyl a c e t a l  ( c a ,  70%). C r y s t a l l i s a t i o n  from 
e t h y l  a c e t a t e  -  l i g h t  petroleum  ( b .p .  40-60 °C) y i e ld e d  th e  
d im eth y l a c e t a l  (3 .3 2  g , 44%), m.p. 116-117 °C (Pound: C, 6 6 .0 ;
H, 7 .3 3 ;  N, 6 . 0 9 .  C26ir36N2°6 rea-u ir e s  G> 6 6 .1 0 ;  H, 7 .6 3 ;  N,
5*93%); v max<(K:Br) 3 250 and 1 642 cm"1 ; 8 (CDCl^) 0 .7  to  1 .9  
( ca,. 11H, m, (CH2 ) 4 CH3 ) ,  2 .41  (3H, s ,  N-CH^), 3 .1 9  (3H, s ,  0-CH3 
at C-6^ ) ,  3 .4 9  (3K, s ,  0-CH^ at C-6oc), 3 .85  (3H, s ,  0-CH^ at 
C -3 ) ,  4 .2 9  (1H, d, Jh_ 10q: 6 Hz, H -9 ) ,  4 .83  (1H, 'd, £ h _7 ca . 1 
Hz, H -5 ) ,  5*53 ( lH , dd, J^ o 10 Hz and c a .  1 Hz, H -7 ) ,  6 . 3 8  
( lH , d, rj 10 Hz, H-8 ) ,  6 .5 6  (lH , d, Jg 2 9 Hz, H—l ) ,  and 6 .6 6  
( lH , d, 9 Hz, H -2);  M+ (472) was very weak, hut M—OH (455)
was o b serv ed .
R eduction  o f  th e  A c e ta l  ( 9 6 ; R = (CH^^CH^) to  th e  A ceta l
(97; R ■ ( chJ 4 ch; )
T h e  d i m e t h y l  a c e t a l  ( 96 ; R = ( C H ^ ^ C H ^ )  ( 4 0 0  mg,  O .85  
mmo l)  i n  d r y  p y r i d i n e  ( 1 0  m l )  w a s  t r e a t e d  w i t h  p h o s p h o r u s  
t r i c h l o r i d e  (82  p i ,  1 . 1  m o l .  e q u i v . )  a t  r o o m  t e m p e r a t u r e  
f o r  10  m i n .  T h e  m i x t u r e  w a s  d i l u t e d  w i t h  5 II s o d i u m  h y d r o x i d e  
( 2 0  m l )  a n d  w a t e r  (80  m l ) ,  t h e n  e x t r a c t e d  w i t h  c h l o r o f o r m .
The e x t r a c t  was d r ie d  and evaporated . P y r id in e  was removed- 
by a z e o tr o p in g  w ith  to lu e n e  (4 x ) , tn en  the r e s id u e  was 
d i s s o lv e d  in  chloroform  and passed  tnrougn a grade I I I  
n e u tr a l  alumina column (10 mm x 200 mm). C r y s ta l i iS c . t io n
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from d i—is o p r o p y l  e th e r  gave the  reduced dim ethyl a c e t a l  
(230 mg, 6 0 $ ) ,  m.p. 97-102 c # T . l . c .  on s i l i c a  (methanol -  
ch loro form , 2 : 8 ) in d ic a te d  th a t  even a f t e r  3 r e c r y s t a l l i s a t i o n s  
t h e  main product (R^ O.5 7 ) was contam inated w ith  a sm all 
amount o f  im p u rity  (R 0 . 7 1 ) .  v (EBr) 3 333 and 1 638 cm- 1 ;
a IucU L #
& (CDOl^) 0 . 7  i o  2 .0  ( c a .  H E , m, (C H ^C H ^), 2 .4 0  (3H, s ,  
N-CH^), 3 .0 9  (3H, s ,  0-CH^ at C- 6p ) ,  3 .4 4  ( 3 H ,  s ,  O-CH  ^ at C- 60c ) ,
3 .8 7  ( 3H, s ,  0-CH3 at C -3 ) ,  4 .1 5  (1H, d, J0 _ 1()oc 5 Hz, H -9 ) ,
4 .6 8  (1H, d, JH_ 7 ca .  1 Hz, H -5 ) ,  5*59 (1H, dd, 10 Hz
and c a .  1 Hz, H -7 ) ,  6 .2 4  (1H, hr s ,  NH), 6 .3 4  ( lH , d,
10 Hz, H-8 ) ,  6 .5 6  (1H, d, 8 Hz, H - l ) ,  and 6 .6 9
(1H, d, Jg 8 Hz, H -2);  m/e 456.
H y d r o l y s i s  o f  th e  A ce ta l  (97 ; R = ( '  t o  g i v e
1 4 6 —H e x a n o y l a m i n o c o d e i n o n e  (77 ; R = (CHo^CHO
The d im ethyl a c e t a l  (97 ; R = (CH^J^CH^) (43 mg, 0 .0 9
mmol) in  methanol (3 ml) c o n ta in in g  6 N h y d r o c h lo r ic  a c id  
(0 . 5  ml) and w ater (1 ml) was heated  under r e f l u x  fo r  30 
min. The m ixture was b a s i f i e d  w ith  aqueous sodium hydrogen  
ca rb o n a te ,  e x tr a c te d  w ith  chloroform  and th e  e x tr a c t  d r ie d .  
E vap oration  th en  y i e l d e d  th e  codeinone which c r y s t a l l i s e d  
from e t h y l  a c e t a t e  (25 mg, 65$ ) ,  m.p. 207-209 C (Found:
C, 6 9 .9 9 ;  H, 7 .6 ;  N, 7 .1 2 .  r e q u ir e s  C, 70.24?
H, 7 .3 2 ;  N, 6 . 83%); (KBr) 3 360 and 1 679 cm "1 ;m&x 0
6 (CDCl^) 0 . 7  to  1 .8  ( c a .  11H, m, (C E ^ C H ^ ),  2 .4 7
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(3H, s ,  N-CH3 ) ,  3 .8 8  (3H, s ,  0-CH3 at C -3 ) ,  4 .9 8  ( lH , s ,
H -5 ) ,  6 .2 0  (2H, s ,  H- 7  and H-8 ) ,  6 .6 4  ( lH , d, £ H 6 Hz,
H—l ) , 6 .7 5  ( lH ,  d, Hz, H— 2 ) ,  and 6 .85  ( lH, br s ,  NH);
m/e 4 1 0 .
H y d r o ly s i s  o f  th e  Thebaine Adduct (46 ; R = CH^CH^Ph)
The th e b a in e  adduct (46 ; R = C ^C H ^h) (200 mg, 0 .4 2  
mmol) in  methanol (4  ml) and 5 N h y d ro ch lo r ic  a c id  (20 ml) 
was kept a t  0 °C f o r  17 h, then  th e  r e s u l t i n g  s o l i d  was 
f i l t e r e d  o f f ,  washed w ith  c o ld  water and d r ie d  at 70 °C, 
c a . 1 mm Hg to  y i e l d  a c r y s t a l l i n e  s o l i d  (49 mg, 2 3 $ ) .  A 
specim en was c r y s t a l l i s e d  from aceton e to  y i e l d  th e  
N -hydroxycodeinone h y d ro ch lo r id e  (102; R = CHgCH^Ph), m.p.
164-167  '°C (Pounds C, 6 5 . 0 5 ; H, 5 .9 0 ;  N, 5 .2 5 .  C27H28H2 °5 '  HC1
r e q u ir e s  C, 6 5 . 26; H, 5 . 8 4 ; N, 5 .6 3 $ ) ;  v (KBr) 3 575> 1 688 ,
ITlcL^C#
and 1 679 cm"”^ ; 8  (B^ aceton e at 50 °C) 2 .8 9  (3H, s ,  N-CH3 ) ,
3 .7 9  (3H, s ,  0-CH3 at C -3 ) ,  5 .0 8  (lH , s ,  H -5 ) ,  5-31  ( lH , br 
s ,  N-OH), 6 .1 0  (1H, d, JH__g 10 Hz, H -7 ) ,  6 .7 2  ( lH , d, £ H_2 
9 Hz, H - l ) ,  6 .7 8  (1H, d, JH_ 7 10 Hz, H-8 ) ,  6 . 8 4  ( lH , d,
9 Hz, H -2 ) ,  and 7 .1 9  (5H, br s ,  P h ); m/e 460 .
P r e p a r a t io n  o f  th e  5 . 1 4 - Bridged Phenol (103* R = OH^ CHgPh/
The H-hydroxycodeinone h yd roch lor ide  (102; R = CH2CH2?h)
(156 mg, 0 . 3  mmol) was t r e a t e d  w ith  a s o lu t io n  o f  sodium e th o x id e  
prepared  from sodium ( l 8 mg, 0 . 7 8  mmol) in  eth an o l (5 ml) and 
THF (5 ml) at room tem perature fo r  3 .5  h. Water (30 ml)
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was th e n  added and th e  mixture e x tr a c te d  w ith  ch loroform .
The e x t r a c t  was d r ie d  and evaporated  to  y i e l d  th e  5 ,1 4 -b r id g e d  
phenol (103; R = CH^CH^Ph) which c r y s t a l l i s e d  from e th y l  a c e ta te  
(91 mg, 65$ ) ,  m.p, I 85- I 86 °G (Pounds C, 7 0 .3 9 ;  H, 6 .0 7 ;  N,
5 .9 2 .  C27H28N2C>5 r e q u ir e s  C, 70 .43 ;  H, 6 .09 ;  N, 6 .0 9 # ) ;
vm ax .(KBr) 3 390 and 1 660 ” 1 680 ora” 1 ; 6 (CDCl^) 2 .4 6  (3H, s ,  
N-CH3 ) ,  3 .8 0  (3H, s ,  0-CH3 at 0 - 3 ) ,  4 . 2 8  (lH , d, Hz,
H -9 ) ,  5 .2 0  (1H, d, ca .  1 Hz, H—5 ) ,  5-95  ( lH , dd, 9
Hz and J ca^ 1 Hz, H -7 ) , 6 .7 0  (2H, s ,  H - l  and H -2 ) , 7 .1 4  
( lH , d, 9 Hz, H -8 ) ,  and 7*25 (5H, s ,  P h ); m/e 4 6 0 .
A ttem pted P r e p a r a t io n  o f  th e  5?14-H rid lg;ed Phenol Dimethyl 
A c e ta l  ( .9 8 ;  R = CH2CH2Ph)
The d im ethyl a c e t a l  ( 96 ; R = CH2CH2Ph) (103 mg, 0 .2 0  
mmol) in  dry THF (2 ml) and dry e th an o l (2  ml) was t r e a t e d  
w ith  sodium e th o x id e  ( 1 .5  mol. e q u iv . )  at room tem perature  
f o r  17 h . A f te r  d i l u t i o n  w ith  water (20 m l) ,  th e  m ixture  
was e x t r a c te d  w ith  chloroform  and th e  e x tr a c t  d r ie d  and 
evap ora ted  to  y i e l d  a y e l lo w  o i l  (54 mg). N .m .r. 
s p e c tr o s c o p y  in d ic a t e d  th a t  th e  s id e  chain  had been l o s t .
No c y c l i s e d  product was i s o l a t e d .
The above r e a c t io n  was rep ea ted  w ith  sodium t —b u tox id e  
and y i e l d e d  m u lt ip le  p ro d u cts ,  none o f  which was i d e n t i f i e d .  
Attempted c y c l i s a t i o n  w ith  t r ie th y la m in e  in  THF at r e f l u x  o.lso 
f a i l e d .
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P r e p a r a t i o n  o f  t h e  N - H y d r o x y  Q x a z o l i d i n e  ( l Q 6 :  R = CH^CH^Ph) 
The th e h a in e  adduct ( . 4 6 ;  R = CHgCHgPh) (95 mg, 0 .2
mmol) was d i s s o l v e d  in  dry THF (10 m l) .  A t r a c e  o f  methyl
orange in d ic a t o r  was added, fo l lo w e d  hy sodium cyanohorohydride
(19 mg, 0 .3  mmol). Dry hydrogen c h lo r id e  was s lo w ly  p a ssed  in to
th e .  m ixture u n t i l  th e  in d ic a t o r  gave a red  co lo u ra tio n *
Hydrogen c h lo r id e  was added c a r e f u l ly  over 15 min to  ju s t
m ain ta in  th e  red  c o lo u r a t io n ,  then  th e  m ixture was l e f t  at
room tem peratu re  fo r  22 h. The mixture was then  h a s i f i e d
hy th e  a d d i t io n  o f  s o l i d  sodium hydrogen carbonate , th en  water
was added to  th e  r e s u l t a n t  p a s te  to  d i s s o lv e  s a l t s .  The m ixture
was e x t r a c te d  w ith  ch loroform , th e  e x tr a c t  d r ie d  and evaporated
t o  y i e l d  th e  N—hydroxy o x a z o l id in e  which c r y s t a l l i s e d  from
e th a n o l  -  d i - i s o p r o p y l  e th er  as n e e d le s  (50 mg, 52*f>), m.p.
170-172  °C (Found: C, 7 0 .3 4 ;  H, 6 .7 2 ;  N, 5 .7 7 .  C28H32N2°5
r e q u ir e s  C, 7 0 .5 8 ;  H, 6 .7 2 ;  N, 5 . 88$ ) ;  (KBr) 3 288
and 1 659 cm 5^ 8 (CDGl^) 2 .3 9  (3H, s ,  N-CH^), 3*52 (3H,
s ,  0-CH3 at 0 - 6 ) ,  3 .8 3  (3E, s ,  O-OH  ^ at C -3 ) ,  4 . 2 6  ( lH , dd,
~H 8  ^ and Jp  ^ c a . 1 Hz, H—7)y 4*58 (IE , d, 2 Hz,
H-8 ) ,  4 .7 4  (1H, q, 7 and 4 H z ,  H -17), 4 .9 5  ( lH , d,
JH. -  c a .  1 H z ,  H -5 ) ,  6 .4 7  ( l H ,  hr s ,  N-OH), 6 .5 9  ( lH , d,
—n— ( —
JE_ 2 9 HZ, H - l ) ,  6 .7 1  (1H, d, J j j^  9 Hz, H—2 ) ,  and 1 . 2 0  
(5H, t r  s ,  Fh); m/e 476.
149
P r e p a r a t i o n  o f  t h e  N - B e n z y l o x y c a r b o n y l n o r t h e b a i n e  A d d u c t  
(l08as R = CH^ CH^Ph)
N—B en zy loxycarb on y ln orth eb a in e  (276 mg, 0 , 6 4  mmol) 
in  e t h y l  a c e t a t e  (15 ml) and sodium p e r io d a te  (205 0*96
mmol) in  aqueous sodium a c e ta te  (0 .2 0  M, a d ju sted  to  pH 6 w ith  
c o n c e n tr a te d  h y d r o c h lo r ic  a c id )  (5 ml) were s t i r r e d  r a p id ly  
at 0 °C. N -(3-phenylp ropanoyl)hydroxylam ine (158 mg, O.96  
mmol) in  e t h y l  a c e t a t e  (4  ml) was added over 10 k in ,  th en  
r a p id  s t i r r i n g  was con tin u ed  fo r  1 h . The m ixture was b a s i f i e d  
w ith  aqueous sodium hydrogen carbonate and th e  la y e r s  s e p a ra ted .  
The aqueous la y e r  was e x tr a c te d  w ith  e th y l  a c e ta te  and th e  
combined e t h y l  a c e t a t e  la y e r s  were washed w ith  aqueous sodium 
t h io s u lp h a t e  th en  w ater . The d r ied  e th y l  a c e t a t e  s o lu t io n  
was evap ora ted  to  y i e l d  th e  N -benzv loxycarbonyln ortheba ine  
adduct a s  an o i l  (360 mg, 95$);  8 (CDCl^) 3 .5 0  (3H, s ,  0-CH^
at C -6 ) ,  3 .8 1  (3H, s ,  0-CH3 at C -3 ) , 4 .6 2  ( lH , d, J . ^  ca .
1 Hz, H -5 ) ,  5 .1 8  ( 2H, s ,  CH2Ph), 6 .00  (lH , d d ,  9 Hz
and JH_ 5 ca .  1 Hz, H -7 ) ,  6 .2 2  (lH , d, JR_ 7 9 Hz, H - 8 ) , 6 .58
(1H, d, Jg_2 9 Hz, H - l ) ,  6 .7 4  (1H, d, 9 Hz, H -2 ) ,  7 .2 2
(5H, br s ,  COCHgCH^Ph), and 7 .3 8  ( 5H, br s ,  O-CHgPh).
Attempted P re p a r a t io n  o f  th e  N—B enzyloxycarponylnorthebain e  
Adduct (l08a$ R = CH^ )
N - B e n z y l o x y c a r b o n y l n o r t h e b a i n e  (10.0 mg? 0 .2 3  m m ol)  
in  e t h y l  a c e t a t e  (4  m l)  a n d  s o d i u m  p e r i o d a t e  (98 mg, O.46  
m m ol)  i n  a q u e o u s  s o d i u m  a c e t a t e  ( 0 .2  II, a d j u s t e d  to  pH 6
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w ith  c o n c e n tr a te d  h y d r o c h lo r ic  a c id )  (4 ml) were s t i r r e d  
r a p id ly  a t  0 °C. Acetohydroxamic a c id  (35 mg, O.46  mmol) 
was added over  10 min, then  rap id  s t i r r i n g  was con tin u ed  
f o r  2 h .  T . l . c .  o f  th e  o rgan ic  phase in d ic a te d  th a t  l i t t l e  
r e a c t i o n  had ta k en  p la c e ,  so a fu r th e r  2 mol. e q u iv .  o f  
acetohydroxam ic a c id  and sodium p e r io d a te  were added and 
s t i r r i n g  c o n t in u ed  at 0 °C. A fte r  a fu r th e r  1 .5  h, t . l . c .  
in d ic a t e d  th a t  th e  m ajor ity  o f  th e  s t a r t i n g  m a ter ia l  had s t i l l  
not r e a c te d  so a fu r th e r  6 mol. eq u iv .  o f  acetohydroxam ic a c id  
and sodium p e r io d a te  were added and s t i r r i n g  con tin u ed  at  
room tem p era tu re .  A fter  1 h, th e  la y e r s  were sep a ra ted ,  th e  
o r g a n ic  phase was washed tw ic e  w ith  aqueous sodium t h io s u lp h a te  
s o l u t i o n ,  d r ie d  and evaporated  to  y i e l d  a y e l lo w  o i l  (110 mg). 
The n .m .r .  spectrum o f  t h i s  m a ter ia l  in d ic a te d  th a t  i t  
c o n ta in e d  u n rea cted  s t a r t i n g  m a te r ia l ,  p lu s  a sm all amount 
o f  u n i d e n t i f i e d  compound.
P r e p a r a t io n  o f  th e  E thylene  K etal (109* P = P*1)
The th e h a in e  adduct (46 ; R = Ph) (90 mg, 0 .2  mmol) 
in  dry m ethylene c h lo r id e  ( l  ml) was t r e a t e d  w ith  anhydrous 
g l y c o l i c  hydrogen c h lo r id e  (3 ml, 0 .3  M). The r e a c t io n  m ixture  
was s t i r r e d  at 20 fo r  90 min, then  "basified w ith  s o l i d  
sodium hydrogen carb on ate , fo l lo w e d  "by water to  d i s s o lv e  
th e  s a l t s ,  The m ixture was e x tr a c te d  w ith  chloroform  and 
th e  e x t r a c t  washed w ith  "brine then  d r ie d  and evaporated
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t o  y i e l d  th e  crude k e t a l  (93 mg, 9756).  C r y s t a l l i s a t i o n  
from ch loroform  -  e th y l  a c e ta te  gave n e e d le s  (55 mg, 5 1 % ) ,  
m.p. 1 7 2 -1 7 2 .5  °C (Pound; C, 6 8 .2 ;  H, 5 .6 9 ;  N, 5 .6 0 .
C27H28W2°6 rec*u i r e s  c > 68*0 7 ; H, 5 . 8 7 ; N, 5 . 87$ ) ;  v (KBr)* IBcL3£«
3 275 and 1 621 cm” 1 ; S (CDCl^) 2 .3 8  (3H, s ,  N-CH^), 3 .8 7  
(3H, s  0-CH^), 3 .9  i o  4 .3  (4H, m, 0-CH2CH2- 0 ) ,  4 .3 3  ( lH , dd,
—H-10cc 5 Hz and —H—10(3 ^  1 Hz’ H"9 ) ’ 4 ‘ 84 ( 1H> d ’ JH- 7  — •
1 Hz, H -5 ) ,  5 .7 2  (1H, dd, JH_g 10 Hz and ca .  1 Hz, H -7 ) ,
6 .2 6  (1H, d, JH_ 7 10 Hz, H -8 ) , 6 .5 6  (1H, d, Jg 8 Hz, H - l ) ,
6 . 6 9  (1H, d, 8 Hz, H -2 ) ,  and 7 .2  to  7 .8  (5H, m, P h ) ;
m/e 4 7 6 .
R eduction  o f  th e  K eta l (109 ; R = Ph) to  th e  K etal (112 ; R = Ph) 
The e th y le n e  k e t a l  (109 ; R = Ph) (48 mg, 0 .1  mmol) 
was d i s s o l v e d  in  dry p y r id in e  (3 m l) .  Dry sulphur d io x id e  was 
was s lo w ly  huhhled through th e  s o lu t io n  fo r  5 min, th en  th e  
s o l u t i o n  was h ea ted  under r e f l u x  fo r  30 min. The m ixture  
was th en  c o o le d  and d i lu t e d  w ith  aqueous sodium hydrogen, 
carbonate  ( ca .  10 m l) ,  e x tr a c te d  w ith  chloroform  and d r ie d .
The s o l u t i o n  was evaporated  and th e  r e s id u a l  p y r id in e  removed 
"by a z e o tr o p in g  fou r  t im es  w ith  to lu e n e .  The r e s u l t i n g  s o l i d  
(45 mg, 97$) c o n s i s t e d  o f  th e  reduced e th y le n e  k e t a l , which  
c r y s t a l l i s e d  from methanol as n e e d le s ,  (29 mg, 63$ ) ,  m.p. 
251-253 °C (Pound: C, 7 0 .7 0 ;  H, 6 .08 ;  N, 6 . 5 0 . G27H281T205
r e q u ir e s  C, 7 0 .4 3 ;  H, 6 .0 9 ;  N, 6 .0 9 $ );  vmax . ^ ^ r  ^ 8 449
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and 1 675 cm 1 ; 6 (CDCl^ 2 .3 7  (3H, s ,  N-CH3 ) ,  3 .6 9  ( lH ,  
d-d-j —H-10°c  ^ Hz and 1 Hz, H—9 ) ,  3 .8 5  (3H, s ,  0—CH3 ) ,
3 .8  t o  4 . 2  (4H, m, O - C H ^ - O ) ,  4 . 8 4  (lH , s ,  H -5 ) ,  5 .7 4  (1H,
^9 —H—8 ^  6 .0 3  ( lH , d, j  10 Hz, H—8 ) ,  6 .5 4
( lH , d , Jg__2  ^ H—l ) , 6 ,6 8  (lH , d, J^ .  ^ 9 Hz, H—2 ) ,  and
7 .1  -  7*9 (5H, m, Ph) 5 m/e 460 .
A l t e r n a t iv e  R eduction  o f  th e  K etal (109; R = ph)» to  th e  
K eta l (112; R = ph)
The e th y le n e  k e t a l  (109; R = Ph) (48 mg, 0 .1 0  mmol) 
i n  dry p y r id in e  -was t r e a t e d  w ith  phosphorus t r i c h l o r i d e  
(9*6 p i ,  0 ,1 1  mmol) at room tem perature fo r  10 min. The 
r e a c t io n  m ixture was d i lu t e d  w ith  5 N sodium hydroxide (3 ml) 
and w ater (10 m l) ,  then  e x tr a c te d  w ith  ch loroform . The 
e x tr a c t  was d r ie d  and evap orated . P y r id in e  was removed 
hy a z e o tr o p in g  (4  x) w ith  to lu e n e  to  g iv e  a c r y s t a l l i n e  
s o l i d  (34  nig). C r y s t a l l i s a t i o n  from e th y l  a c e ta te  then  
y i e l d e d  th e  reduced  e th y len e  k e t a l  (18 mg, 39$)* m.p. 249-  
252 °C. The m.p. o f  t h i s  compound prepared by a d i f f e r e h t  
r o u te  was 251-253 °C, and th e  n .m .r .  and mass s p e c tr a  were 
i d e n t i c a l  ( s e e  a b o v e) .
H y d r o ly s is  o f  th e  K eta l (112; R = Ph) to  g iv e  1 4 e -B en zo y l-  
am inocodeinone ( 77 ; R = Ph)
The e th y le n e  k e t a l  (H 2*  R = Ph) (90 mg, 0*2 mmol) 
in  methanol (3 ml) c o n ta in in g  6 N h y d ro ch lo r ic  a c id  ( l  ml)
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and w ater ( l  ml) was h ea ted  under r e f l u x  f o r  30 min. The 
m ixture was b a s i f i e d  w ith  aqueous sodium hydrogen carbonate  
e x t r a c te d  w ith  ch loroform  and th e  e x tr a c t  d r ie d .  Evaporation  
th en  y i e l d e d  th e  impure codeinone in  e f f e c t i v e l y  q u a n t i t a t iv e  
y i e l d .  C r y s t a l l i s a t i o n  from e th y l  a c e ta te  gave th e  pure 
compound (63 mg, 7 7 $ ) ,  m.p. 257-260 °C. The m.p. o f  t h i s  
compound prepared  by an a l t e r n a t i v e  route  was 256-259 °C, 
and th e  n .m .r .  s p e c tr a  were i d e n t i c a l  ( s e e  0 I 36)1. .
P r e p a r a t io n  o f  th e  E th ylene  K etal (109; R = CH^CH^Ph)
The th e b a in e  adduct ( 46 5 R = CH^CH^Ph) (95 mg, 0 .2  
mmol) in  dry m ethylene c h lo r id e  ( l  ml) w a s- tr e a te d  w ith  
anhydrous g l y c o l i c  hydrogen c h lo r id e  (3 ml, 0 .3  M). The 
r e a c t io n  m ixture was s t i r r e d  at 20 °C f o r  90 min, th en  
b a s i f i e d  w ith  s o l i d  sodium hydrogen carbonate , fo l lo w e d  
by w ater  t o  d i s s o l v e  th e  s a l t s .  The mixture was e x tr a c te d  
w ith  ch loroform  and th e  e x tr a c t  was washed w ith  b r in e  then  
d r ie d  and evap orated  to  y i e l d  th e  crude k e t a l  in  q u a n t i t a t iv e  
y i e l d .  C r y s t a l l i s a t i o n  from e th y l  acea te  gave p l a t e s  (80 mg, 
8056) ,  m.p. 181-183 °C (Foum : C, 68 .65 ;  H, 6.165 N, 4 .9 8 .
C29H32N2°6 re(iu i r e s  c > 6? .0 5 ;  h > N» 5 .55# )?  vmax.
(KBr) 3 270 and 1 639 cm” 1 ; 0 (CDCl^) 2 .46  (3H, s ,  N-CH^),
3 .8 6  (3H, s ,  0-CH^), 3 .9  to  4 .3  (4H, m, 0-CH2CH2- 0 ) ,  4 .3 2
(1H, dd, JH_ 1QCC5 Hz and ca . 1 Hz, H -9 ) ,  4 .8 7  (lH ,
s ,  H -5 ) ,  5 .6 5  (1H, d, Jk_ 8 10 Hz, H-7) » 6 .13  (lH , d, JH_ 7
10 Hz, H - 8 ) , 6 .5 4  (1H, d, JTT_ 2 3 Hz, H - l ) , 6 .70  (1H, d,
- H - l  8 E z ’ H“ 2 ) ’ 7 , 2  S? F h ^  r“n d  —  * S ' °  ( 1 H ’ o r
s ,  Hli) ; m/c 5^4.
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R ed uction  o f  th e  K eta l (1 0 9 ; R = CIUCH^ Ph) to  -fche K eta l
(112; R = CH^ CH^Ph)
The e th y le n e  k e t a l  (109; R = CH2CH2Ph) ( 5 0 . 4  mg, 0 .1
mmol) was d i s s o lv e d  in  dry p y r id in e  (3 m l) .  Dry sulphur
d io x id e  was s lo w ly  huhhled through the  s o lu t io n  f o r  5 min,
th en  th e  s o l u t i o n  was heated  under r e f l u x  fo r  30 min. The
m ixture was c o o le d  and d i lu t e d  w ith  aqueous sodium hydrogen
carb onate  ( c a . 10 m l) ,  e x tr a c te d  w ith  chloroform  and d r ie d .
The s o l u t i o n  was evaporated  and th e  r e s id u a l  p y r id in e  removed
"by a z e o tr o p in g  4 t im es  w ith  to lu e n e .  The r e s u l t i n g  s o l i d
(4 6  mg, 94$ )  c o n s i s t e d  o f  th e  reduced e th y len e  k e t a l  which
c r y s t a l l i s e d  from methanol as n e e d le s  (38 mg, 78/6)? m.p.
2 0 2 .5 -2 0 3  °C (Found: C, 7 0 .9 2 ;  H, 6 . 5I ;  N, 5*82. C ^ H ^ N ^
r e q u ir e s  C, 71*31; H, 6 . 5 6 ; N, 5*74$); v (KBr) 3 440 andmax#
1 663 cm” 1 ; S (CDC1 ) 2 .3 0  (3H, s ,  N-CH^, 3*41 (1H, dd, £ H_ 10oC 
5 Hz and ca .  1 Hz, H-9)? 3*84 (3H, s ,  0-CH^), 3*8 to
4 .2  (4H, m, 0-CH2CH2- 0 ) ,  4*71 (lH , s ,  H -5 ) ,  5*67 ( lH , d,
Jh_ 8 10 Hz, H -7 ) ,  5*87 (1H, d, JH_ 7 10 Hz, H -8 ) , 6 .3 9  ( lH ,  
hr s ,  m ) ,  6 .5 1  (1H, d, 8 Hz, H - l ) ,  6 .6 6  (lH , d,
8 Hz, H—2 ) ,  and 7*22 (5H, hr s ,  P h ); m/e 488 .
A l t e r n a t iv e  R eduction  o f  th e  K etal (l09? R = CH^HpPh) to
th e  K e ta l  ( l ! 2 ;  R = CH2CH2Ph)
The e th y le n e  k e t a l  (109? ^ = CH2CH2?h) (5 0 .4  mg, 0 .1  
mmol) in  dry p y r id in e  (1 ml) was t r e a t e d  w ith  phosphorus  
t r i c h l o r i d e  (9*6 M-l? 0 .1 1  mmol) at room tem perature fo r
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15 min* The r e a c t io n  m ixture was then  d i lu t e d  w ith  5 N 
sodium h yd rox id e  (3 ml) and water (10 m l) ,  then  e x tr a c te d  
w ith  chloroform * The e x tr a c t  was d r ie d  and evaporated*  
P y r id in e  was removed hy a zeo tr o p in g  w ith  to lu e n e  (4  x)  
t o  g iv e  a c r y s t a l l i n e  s o l i d  (54  rag). C r y s t a l l i s a t i o n  from 
e t h y l  a c e t a t e  gave th e  reduced e th y len e  k e t a l  (30 mg, 6l $ ) . 
N.m.r* s p e c tr o s c o p y  and t . l . c .  showed th a t  t h i s  m a te r ia l ,  
though s i m i l a r  t o  a samples prepared p r e v io s ly  hy a  
d i f f e r e n t  r o u te  ( s e e  ahove) was contam inated w ith  u n rea cted  
s t a r t i n g  m a te r ia l  ( c a .  10$ )  which was not removable hy 
f r a c t i o n a l  c r y s t a l l i s a t i o n .
H y d r o ly s is  o f  th e  K eta l (112; R = CH^CHJPh) to  g iv e  
14^—( 3-P henylpropano7flam ino) codeinone (77 ; R = CH^CH^Ph)
The e th y le n e  k e t a l  (112; R = CH2CH2Ph) (45 rag, 0*92  
mmol) i n  methanol (3 ml) c o n ta in in g  6 N h y d r o c h lo r ic  a c id  
( l  ml) and w ater ( l  ml) was heated  under r e f l u x  fo r  30 min. 
The m ixture :was h a s i f i e d  w ith  aqueous sodium hydrogen  
ca rb o n a te ,  e x t r a c te d  w ith  chloroform  and th e  e x tr a c t  d r ie d .  
E vap oration  th e  y i e l d e d  then  impure codeinone in  e f f e c t i v e l y  
q u a n t i t a t iv e  y i e l d .  C r y s t a l l i s a t i o n  from e th y l  a c e ta te  gave 
pure m a te r ia l  (28  mg, 69$ )  > m.p. 188—190 C. The m.p. o f  
t h i s  compound prepared  hy an a l t e r n a t i v e  rou te  was 187—188 C 
and th e  n .m .r .  s p e c tr a  were id e n t i c a l  ( s e e  p , 1 3 0 ) «
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P r e p a r a t io n  o f  th e  O xazoline ( n g  « r  =  p r )
The d im eth y l a c e t a l  (96 . r  =  P h )  ( 4 7 > 8  mg, 0 .1
mmol) was d i s s o l v e d  in  dry p y r id in e  (3 m l) .  Dry sn lohur
d io x id e  was s lo w ly  bubbled through th e  s o lu t io n  fo r  5 min,
th en  th e  s o l u t i o n  was h ea ted  at r e f l u x  fo r  35 min. The 
m ixture was c o o le d  and d i lu t e d  w ith  aeueous sodium hydrogen  
carb on ate  ( c a .  20 m l) ,  e x tr a c te d  w ith  chloroform  and th e  
e x t r a c t  dried* The s o lu t io n  was evaporated  and ;th e  r e s id u a l  
p y r id in e  removed by a z e o tr o p in g  4 t im es  w ith  jca. 10 ml 
p o r t io n s  o f  t o l u e n e .  C r y s t a l l i s a t i o n  from ethanol y i e l d e d  
th e  o x a z o l in e  as  prism s (27 mg, 63$ ) ,  m.p. 226-228 °C; m/e 
430 . The m.p. o f  t h i s  compound prepared by D. HcDougal was 
227-231 °C, and th e  n .m .r .  and i . r .  sp e c tr a  were i d e n t i c a l .
P r e p a r a t io n  o f  th e  O xazoline  (115; R = Ph) fo l lo w e d  by 
h y d r o ly s i s  t o  14a-Benzoylam inocodeinone (77 ; R = Ph)
The o x a z o l in e  (115; R = Ph) was prepared as p r e v i o s l y  
d e t a i l e d  above from th e  dim ethyl a c e t a l  (96 • R = Ph) (47*8  
mg, 0 . 1  mmol), but was not c r y s t a l l i s e d .  A fter  exam ination  
o f  th e  crude o x a z o l in e  by n .m .r . ,  i t  was hyd ro lysed  to  th e  
codeinon e by d i s s o l v i n g  i t  in  methanol (3 ml) c o n ta in in g  
5 N h y d r o c h lo r ic  a c id  ( l  ml) and water ( l  m l) .  T his  m ixture  
was h ea ted  under r e f l u x  fo r  30 min, then  c o o led ,  b a s i f i e d  w ith  
sodium hydrogen carb on ate ,  e x tr a c te d  wioh chloroform  e.nd 
th e  e x t r a c t  d r ie d .  E vaporation  then  y i e ld e d  th e  crude
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co d e in o n e ,  w hich c r y s t a l l i s e d  from methanol (29 mg, 70$ ) ,  
m.p* 258-261  C* T h is  m.p, agrees  w ith  th e  p r e v io s ly  
reco rd ed  v a lu e  o f  256-259 °C, and th e  n .m .r .  s p e c tr a  o f  
th e  compounds were i d e n t i c a l  ( see  p . l 36) #
P r e p a r a t io n  o f  th e  O xazoline (115; R = CH^CH^Ph)
The d im eth y l a c e t a l  ( 96 5 R = CH2CH2Ph) (506 mg, 1 .0  
mmol) was d i s s o l v e d  in  dry p y r id in e  (15 m l) .  Dry su lphur  
d io x id e  was s lo w ly  bubbled through th e  s o lu t io n  fo r  5 min,
th en  th e  s o l u t i o n  was h ea ted  under r e f l u x  fo r  30 min. The
m ixture was th en  c o o le d  and d i lu t e d  w ith  aqueous sodium hydrogen  
carbonate  ( c a .  100 m l) ,  e x tr a c te d  w ith  chloroform  and th e  
e x t r a c t  -d r ied .  The s o lu t io n  was evaporated and th e  r e s id u a l  
p y r id in e  was removed by a zeo tr o p in g  4 t im es  w ith  _ca. 10 ml 
p o r t io n s  o f  t o lu e n e .  The r e s u l t a n t  o i l  was p u r i f i e d  by h e a t in g  
under r e f l u x  in  ch loroform  w ith  charcoal fo r  1 h , fo l lo w e d  by 
p a ssa g e  through  a grade 0 n e u tr a l  alumina column in  chloroform ,  
t o  remove any p o la r  m a te r ia l .  C r y s t a l l i s a t i o n  from e th y l  a c e t a t e  
d i—is o p r o p y l  e th e r  gave th e  o x a z o l in e  as n e e d le s  (262 mg, 5 7 $ ) ,  
m.p. 169-170  °C (Pound: C, 73 .56 ;  H, 6 . 4 8 : N, 6 .4 4 .  C28H30N2°4
r e q u ir e s  C, 73.36-, H, 6 .5 5 ;  N, 6 .11$ )  ; vmax.(KBr) 1 662 and 
1 649 cm"1 ; 6 (CDCl^) 2 .3 2  (3H, s ,  IT-CH^), 3 .41  (3H, s ,  0-CH^ 
at C—6 ) ,  3 .8 2  (3H, s ,  0-CH  ^ at C -3),  4 .4 5  (1H* d, 3 Hz,
H-8 ) ,  4 . 5 7  ( 111, d, J^ 3  3 Hz, H -7 ) ,  4 . S 2 (1H, s ,  H -5 ) ,  6 .5 8
(1H, d, JH_ 2 9 Hz, H - l ) ,  6 .6 8  (1H, d, 9 Hz, H - 2 ) , and
7 .0 8  to  7 .4 1  (5H, br s ,  Ph); m/e 458.
P r e p a r a t io n  o f  th e  O xazo line  ( 115. R = CIUCH Ph) fo l lo w e d  
by H y d r o ly s i s  t o  14p-(3-Phenylpropanoylaminolcodeinone (77  :
The o x a z o l in e  (1155 R = CH^CH^Ph) was prepared as  
p r e v io u s ly  d e t a i l e d  (p .  157) from th e  dimethyl a c e t a l  (96 ;
R = CHgCE^Ph) ( 5 0 .6  mg, 0 .1  mmol), but was not c r y s t a l l i s e d .  
A fte r  ex a m in a t io n  o f  th e  crude o x a z o l in e  by n .m .r . ,  i t  was 
h y d r o ly se d  t o  th e  codeinone by d i s s o l v i n g  i t  in  methanol 
(3 ml) c o n t a in in g  water ( l  ml) and 5 N h y d ro ch lo r ic  a c id  ( l  m l) .  
T h is  m ixture  was h e a te d  under r e f l u x  fo r  30 min, th en  c o o le d ,  
b a s i f i e d  w ith  aqueous sodium hydrogen carbonate , e x tr a c te d  
w ith  ch loro form  and th e  e x tr a c t  d r ie d .  E vaporation th en  y i e ld e d  
th e  crud;e codeinone (39 mg, 88$ )  which was c r y s t a l l i s e d  from 
e t h y l  a c e t a t e  (29  mg, 65$ ) ,  m.p. 189—190 °C* T his m.p. 
a g r e e s  w ith  th e  p r e v i o s l y  recorded  va lu e  o f  187—188 C, and 
th e  n .m .r .  s p e c t r a  o f  th e  compounds were i d e n t i c a l  ( s e e  p , 130)»
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P r e p a r a t i o n  o f  N - B e n z y l h y d r o x y l a m i n e
78
The method o f  Peuer e t  a l  was c a rr ied  out u s in g  henzaldoxime  
(2 4 .2  g) and horane/THP s o lu t io n  (320 ml, 1 m). H -Benzyl-  
hydroxylam ine c r y s t a l l i s e d  from pentane ( 7 . 4  g, 30$ ) ,  m. p .
55 ° C  ( L i t . ,  57 ° C )
P r e p a r a t io n  o f  N-Phenylhydroxylamine
79The method o f  Vogel was fo l lo w ed  u s in g  n itrob en zen e  (50 g ) , 
ammonium c h lo r id e  (25 g ) , water (800 m l) ,  and z inc , powder (59 g ) . i f .  
P h en ylhydroxy l amine c r y s t a l l i s e d  from benzene (1 4 .0 3  g, 3 2 $ ) ,  
m.p. 7 7 -8 2  °C ( L i t . ,  81 °C ).
P r e p a r a t io n  o f  N -A cety l-N -phenyld ioxy lam ine ( j l 8 )
N -Phenylhydroxylam ine (45 0 .4 1  mol) in  THF (100 ml)
and p y r id in e  (100 ml) was t r e a t e d  at room temperature w ith  
a c e t y l  c h lo r id e  ( 2 7 . 8  ml, O.49mol. ) fo r  1 h, then  th e  r e a c t io n  
m ixture was poured in to  crushed i c e  and water ( c a .  500 ml) and 
e x t r a c te d  w ith  ch loroform . The ex tr a c t  was d r ied  and evaporated .  
A fter  e x c e s s  p y r id in e  had been removed by azeo tro p in g  w ith  
to lu e n e  (4  x ) , th e  r e s id u e  was ex tr a c te d  w ith  ammonium hydroxide  
s o l u t i o n  ( c a ,  30 ml, 0 .8 8  sp . g . ) and f i l t e r e d .  The f i l t r a t e  
was th en  a c i d i f i e d  w ith  c o ld  5h su lp h u ric  a c id .  This was then  
e x t r a c te d  w ith  ch loroform , th e  ex tr a c t  was d ried  (MgSO^) and 
evap ora ted . C r y s t a l l i s a t i o n  o f  the re s id u e  from e tn y l  a c e ta te  -  
l i g h t  petro leum  ( b .p .  60-80 C) gave N-ace b'j l -h -p h en y lh j  dro^y 1-  
amine ( H 8 ) as  cuboids ( 17*2 g* 2b $ ) , m.p. 6 0 - 6 7  0 ( l i t . ,  67 C).
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P r e p a r a t i o n ,  o f  N - A c e t y l - N - b e n z y l h y d r o x v l a m i n e  ( i o n ) 8 0
N -B enzylhydroxylam ine (3 .2 0  g, 26 mmol) in  THF (64 ml) 
and p y r id in e  (32  ml) was t r e a te d  at room temperature with, 
a c e t y l  c h lo r id e  ( 2 . 2 4  ml, 3 1 .2  mmol ) fo r  1? h? then  th e  r e a c t io n
m ixture was poured in to  crushed i c e  and water (_ca. 500 m l) ,  and 
e x tr a c te d  vrith ch loroform . The ex tr a c t  was d r ied  and evaporated ,  
then  th e  r e s id u e  was e x tr a c te d  w ith  ammonium hydroxide s o lu t io n  
( c a . 30 m l, 0 . 8 8  sp .  g . ) and the  in s o lu b le  m ater ia l removed by 
f i l t r a t i o n .  The f i l t r a t e  was a c i d i f i e d  w ith  co ld  5 M su lp h u r ic  
a c id ,  and e x t r a c t e d  w ith  chloroform . A fter  th e  e x tr a c t  had 
been d r ie d  i t  was evaporated  to  g iv e  an orange c r y s t a l l i n e  mass 
o f  N -a ce ty l-N -b en zy lh y d ro x y la m in e  ( ! 20) which c r y s t a l l i s e d  from 
e th a n o l at 0 °G ( 2 .1 0  g, 4 9 $ ) ,  m.p. 125-126 °C ( l i t . ,  127 °C ).
P r e p a r a t io n  o f  N -Benzoyl-N-nhenylhydroxylam ine ( p q )
81
The method o f  Shome was fo llo w ed  u s in g  N -phenylhydroxyl-  
amine (6 g) and b en zoy l c h lo r id e  ( 7*44 ml, 1 .2  mol. e q u iv . ) .
N—B en zoy l—N—phenylh yd roxyl amine ( 1x9) c r y s t a l l i s e d  from eth an o l  
(3 .9 5  g 9 3 4 $ ) ,  m.p. 122 °C ( l i t . ,  121-122 °C).
P re p a r a t io n  o f  N—B enzoyl—IT—benzylhydroxy 1 amine ( l 2l )
The method o f  Shome®1 was fo llo w ed  u s in g  N -benzy lh yd roxy l-  
amine ( 3 . 3 8  g) and benzoyl c h lo r id e  ( 3 .72  ml, 1 . 2  mol. e q u i v . ) .
N - B e n z o y l -N -b e n z y lh y d r o x y l  amine ( 121) c r y s t a l l i s e d  from eth ano l
82 0
(2 .7 8  g ,  4 5 % ) ,  m.p. 107-108 °C ( l i t . .  108 0 ) .
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R eduction o f  N -A oetyl-N -phenylhy droxylainine w ith S u lu W
D iox id e  in  P y r id in e
N—A c e ty l—N-phenylhy dr oxy l amine (100 mg, 0 .6 6  mmol) was 
d i s s o l v e d  i n  dry p y r id in e  sa tu r a ted  with sulphur d io x id e  (5 ml) 
th en  h e a te d  under r e f l u x  fo r  1 h . A fte r  c o o l in g ,  water (5 ml) 
fo l lo w e d  "by 6 M h y d ro ch lo r ic  a c id  (10 ml) was added. The mixture  
was th e n  e x t r a c te d  w ith  chloroform (5 z  15 ml) and th e  e x tr a c t  
was washed w ith  w ater , d r ied  and evaporated to  y i e l d  a c r y s t a l l i n e  
s o l i d  (84  nig). C r y s t a l l i s a t i o n  from water y ie ld e d  a c e t a n i l id e  
(53 mg, 6( # ) ,  m.p. 112-113 °C ( l i t . ,  114 ° c ) .
R eduction  o f  H-Benzoyl-N-phenylhydroxylam ine w ith  Sulphur 
D io x id e  in  P y r id in e
N -B enzoyl-N -phenylhydroxylam ine (100 mg, 0 .4 7  mmol) was 
d i s s o l v e d  in  dry p y r id in e  sa tu r a ted  w ith  sulphur d io x id e  (5 ml) 
th en  h e a te d  under r e f l u x  fo r  1 h. A fter  c o o l in g ,  water (5 ml) 
fo l lo w e d  hy 6 M h y d ro ch lo r ic  a c id  (10 ml) was added. The 
m ixture was th e n  e x tr a c te d  w ith  chloroform and the  e x tr a c t  was 
washed w ith  w ater ,  d r ie d  and evaporated to  g ive  a c r y s t a l l i n e  
s o l i d  (86 mg). C r y s t a l l i s a t i o n  from chloroform y ie ld e d  
b e n z a n i l id e  (59 mg, 64$)*  m.p. 162 °C ( l i t , ,  163 C) •
R eduction  o f  II—A c e ty l—N—benzylhydroxylamine w ith  Sulphur 
D iox id e  in  P y r id in e
N—A c e t y l—IT—benzylhydroxylam ine (100 mg, 0 .61  mmol) was 
d is s o lv e d  in  dry p y r id in e  sa tu r a ted  with sulphur d io x id e  (5 ml)
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and h e a te d  under r e f l u x .  Dry sulphur d iox id e  was o c c a s io n a l ly  
bubbled th rough  th e  s o lu t io n  over the f i r s t  5 h, then th e  r e a c t io n  
m ixture was l e f t  under r e f l u x  fo r  a fu r th er  15 h . Water (5 ml) 
fo l lo w e d  by 6 M h y d r o c h lo r ic  a c id  (10 ml) was added "to th e  co o led  
s o l u t i o n .  The m ixture was th en  e x tr c a te d  w ith  chloroform , and 
th e  e x t r a c t  washed w ith  w ater, d r ied  and evaporated to  g iv e  
an o i l  (70  mg). C r y s t a l l i s a t i o n  w ith  d i f f i c u l t y  from d ie th y l  
e th e r  y i e l d e d  ben zy lacetam ide (16 mg, 18$) m.p. 59-60 °C ( l i t . ,
61 ° C ) .  :
R eduction  o f  N-Benzoyl-N—benzylhydroxylamine w ith  Sulphur D iox ide  
in  P y r id in e
N -B enzoyl-N -benzylhydroxylam ine (100 mg, 0 . 4 4  mmol) was 
d i s s o l v e d  in  dry p y r id in e  sa tu r a ted  with sulphur d io x id e  (5 m l) ,  
then  h e a te d  under r e f l u x  fo r  45 min. A fter  c o o l in g ,  water (5 ml) 
fo l lo w e d  by 6 M h y d ro ch lo r ic  a c id  (10 ml) was added. The 
m ixture was th en  e x tr a c te d  w ith  chloroform and th e  e x tr a c t  was 
washed w ith  w ater ,  d r ied  and evaporated to  g iv e  an o i l  (87 mg), 
CiTyst a l i i  s a t  io n  from d i - i s o p r o p y l  e th er  y ie ld e d  N—benzylbenzamide  
(57 mg, 6 1 $ ) ,  m.p. 101-103 ° 0  ( l i t . ,  105-106 C).
Attem pted R eduction  o f  N—A cetyl-N —phenylhydroxylamine w ith  
Phosphorus T r ic h lo r id e  in  P yrid in e
N-Acetyl-N-phenylhydroxylamine (100 mg, 0 ,6 6  mmol) in  
dry pyridine (1 ml) was treated with phosphorus trich loride  
(57.8 p i, 1 .0  mol. equiv.) for 10 min. Oater (3 ml) vras added
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and th e  r e a c t i o n  m ixture kept at 0 °G fo r  a fu r th er  5 min. The 
m ixture was th en  e x tr a c te d  w ith  chloroform and the  e x tr a c t  
d r ie d  and ev a p o ra ted .  P y r id in e  was removed hy a zeo tr o p in g  w ith  
to lu e n e  (4  x ) . The r e s id u e  (43 mg) was shown hy n .m .r .  
s p e c tr o sc o p y  to  c o n ta in  impure a c e t a n i l id e .  Attempts to  
c r y s t a l l i s e  t h i s  product from water f a i l e d .
R ed uction  o f  N-Benzoyl-N-phenylhydroxylam ine w ith  Phosphorus 
T r ic h lo r id e  in  P y r id in e
N -B enzoyl-N -phenylhydroxylam ine (100 mg, 0 .4 7  mmol) in  
dry p y r id in e  ( l  ml) was t r e a t e d  at 0 °C with phosporus  
t r i c h l o r i d e  (45*1 M-l? 1 .1  mol, e q u iv .)  fo r  30 min. Water 
(2 ml) was added and th e  r e a c t io n  kept at 0 °C fo r  5 min. The 
m ixture was th e n  e x tr a c te d  w ith  chloroform, dried  and evaporated,  
P y r id in e  was removed hy azeo tro p in g  w ith  to lu en e  (4 x ) , then  
th e  r e s id u e  was d i s s o lv e d  in  ethanol and heated  under r e f l u x  
w ith  a c t i v a t e d  ch a rco a l fo r  1 h. F i l t r a t i o n  fo l lo w ed  hy 
e v a p o r a t io n  th e n  gave impure h en za n il id e  which c r y s t a l l i s e d  
from ch loroform  (30 mg, 32/6), m.p. I 56- I 6I C ( l i t . ,  163 C).
Further  a t tem p ts  at p u r i f i c a t i o n  were u n su c c e ss fu l .
Attempted R ed uction  o f  N—A c e ty l—N—henzylhydroxylamine w ith  
Phosporus T r ic h lo r id e  in  Pr/ridine
N -A cety l-H -hen zylh yd roxylam ine (100 mg, 0 .6 1  nmol) m  
dry p y r id in e  (1 ml) was t r e a te d  with phosphorus t r i c h l o r i d e  
(58 p i ,  1 .1  mol. e q u i v . ) at 0 °C and th e  r e a c t io n  mixture l e f t  
at room tem perature f o r  20 min. .'.ator O  fo llo w ed  o.
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5 M sodium hydrox ide  (5 ml) was added and the mixture was e x tr a c te d  
w ith  e t h y l  a c e t a t e .  The e x tr a c t  was washed with 5M H ydrochloric  
a c id ,  th en  w a ter ,  d r ie d  and evaporated to  y i e l d  a brown o i l  
(8 mg). T h is  m a te r ia l  was not i d e n t i f i e d .
Attempted R ed uction  o f  IT—Benzoyl—II—henzylhydroxylamine w ith  
Phosphorus T r ic h lo r id e  in  P yr id in e
N—B enzoyl-N -benzylhydroxylam ine (100 mg, 0 .4 4  mmol) in  
dry p y r id in e  ( l  ml) was t r e a t e d  at 0 °C with phosphorus t r i c h l o r i d e  
(43 M-l, 1 . 1  m ol. e q u iv . )  and the r e a c t io n  mixture kept at room 
tem perature f o r  35 rain. Water (5 ml) fo l low ed  hy 5 M sodium 
hydroxide  (5 ml) was added and the mixture was e x tr a c te d  w ith  
e th y l  a c e t a t e .  The e x tr a c t  was washed with 5 N h y d ro ch lo r ic  a c id ,  
th en  w a ter ,  d r ie d  and evaporated to  g iv e  a y e l lo w  o i l  (33 rag).
The n .m .r .  spectrum in d ic a te d  th a t  t h i s  o i l  contained  
N—b en zylb en zam ide , hut c r y s t a l l i s a t i o n  from d i - i s o p r o p y l  e th er  
was u n s u c c e s s f u l .
R eduction  o f  N -A cety l-I I -n h en y lh y d ro x y la m in e  w ith  Borane
N - A c e t y l - N —ph en y lh yd roxy lam in e  (755 rag, 5 mmol) i n  dry  
THF (5 ml) un d er  a n i t r o g e n  atmosphere a t  0 °C was t r e a t e d  
w ith  a s o l u t i o n  o f  horane in  THF (10 ml? 1 k, 2 m ol. e q u i v . ) .
The m ixture was h ea ted  under r e f lu x  fo r  1 h, then co o led .
5 H H y d ro ch lo r ic  a c id  (10 ml) was tnen c a u t io u s ly  added and 
h e a t in g  under r e f l u x  continued  fo r  20 min. - h^e r u c t i o n  
m ixture was th en  b a s i f i e d  hy the a d d it io n  o f  5 M sodium hydroxide
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(15 ml) and e x t r a c te d  with, e th y l  a c e ta te #  The e x tr a c t  was d r ie d  
and evap ora ted  t o  y i e l d  a hrown o i l #  D i s t i l l a t i o n  under  
red uced  p r e s s u r e  th en  a f fo r d e d  N - e t h y l a n i l i n e  as a p a le  y e l lo w  
o i l  (518 mg, 86$ ) ,  h .p .  199-201 °C/ 7 6 0  mm Hg ( l i t . ,  205 °C/
760 mm H g). When compared to  a genuine sample o f  W -e th y la n i l in e ,  
n .m .r  s p e c tr o s c o p y  and t i c .  "both in d ic a t e d  th a t  an im p urity  was 
p r e s e n t  ( c a .  10$ ) ,  which was not i d e n t i f i e d .
t
R ed uction  o f  N—B enzoyl—N—phenylhydroxy1amine w ith  Borane
N -Benzoy1-N-phenylhydroxylam ine (213 mg, 1 mmol) in  dry 
THF (5 ml) under n i t r o g e n  was t r e a t e d  w ith  a s o l u t i o n  o f  
“borane in  THF (10 ml; 1 M, 10 mol. e q u i v . ) .  The m ixture was 
h ea ted  under r e f l u x  fo r  2 h , th en  a fu r th e r  p o r t io n  o f  “borane 
in  THF (5 ml; 1 K, 5 mol. e q u iv . )  was added and h e a t in g  under 
r e f l u x  con tin u ed  fo r  10 h . A f te r  c o o l in g ,  th e  r e a c t io n  was 
term in a te d  “by c a u t io u s ly  adding a s o l u t i o n  o f  THF -  w ater (6 :4 )  
t i l l  a l l  f r o t h in g  cea se d ,  th en  5 H h y d r o c h lo r ic  a c id  (2 ml) 
was added and th e  m ixture h ea ted  under r e f l u x  f o r  40 min.
The r e a c t io n  m ixture was “b a s i f i e d  w ith  5 K sodium hydroxide  
(3 ml) and e x t r a c te d  w ith  e th y l  a c e t a t e .  The e x tr a c t  was d r ie d  
and evap orated  to  y i e l d  an o i l  (182 mg). T his  o i l  was e x tr a c te d  
w ith  “b o i l i n g  l i g h t  petroleum  ( “b .p . 60-80  °C) to  y i e l d  a f t e r  
e v a p o r a t io n ,  an o i l  (159 mg) which was d i s t i l l e d  ( c a .  200 °C/
10 mm H g ) , th en  c r y s t a l l i s e d  from l i g h t  petroleum  ( “b .p . 60-80  
°C) to  y i e l d  H -b e n z y la n i l in e  a s  n e e d le s  (15 mg, 8$) m.p. 35-36  
°0 ( l i t . ,  36 ° 0 ) .  The nroduct was homogeneous by t . l . c .  and 
th e  n .m .r  spectrum a g r e e d  w i t h  t h a t  o f  a g e n u i n e  specimen o f  
I T - b c n z y l a n i l i n e .
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R ed uction  o f  H -A cety l-H -b en zy lhydroxy lam ine w ith  Borane
N—A c e ty l—H—benzylhydroxylam ine (165 mg, 1 mmol) in  dry 
THF (3 ml) under n i t r o g e n  at  0 °C was t r e a t e d  w ith  a s o l u t i o n  
o f  "borane in  THF (2  ml; 1 M, 2 mol. e q u i v . ) .  The m ixture was 
h e a te d  under r e f l u x  f o r  20 min th en  c o o le d .  5 M H yd roch lor ic  
a c id  (2 ml) was th en  c a u t io u s ly  added and h e a t in g  under r e f l u x  
c o n t in u e d  f o r  20 min. The r e a c t io n  m ixture was th en  "basified  
"by th e  a d d i t io n  o f  5 H sodium hydroxide (3 ml) and e x tr a c te d  
w ith  e t h y l  a c e t a t e .  The e x tr a c t  was d r ie d  and evap orated  to  
y i e l d  a p a le  y e l lo w  o i l  ( l6 0  mg). D i s t i l l a t i o n  under reduced  
p r e s s u r e  gave H—eth y lb en zy lam in e  (60 mg, 4-Sfo) as a c o l o u r le s s  
o i l ,  "b.p. 190-195 ° 0 / rj 6 0  ram Hg ( l i t . ,  191-194 °C/760 mm Hg). 
T h is  m a te r ia l  was homogeneous "by t . l . c .  and th e  n .m .r .  suectrum  
agreed  w ith  th a t  o f  a genuine specimen o f  N -e th y lb en zy la m in e .
R ed uction  o f  H -B enzoyl-N -benzylhydroxylam ine w ith  Borane
H -B enzoyl-N -benzylhydroxylam ine (227 mg, l . o  mmol) in  
d r y  THF (5 ml) under n i t r o g e n  at 0 °C was t r e a t e d  w ith  a s o lu t io n  
o f  borane in  THF ( 2  ml; 1 H,  2 mol. e q u i v . ) .  The m ixture  
w a s  h ea ted  under r e f l u x  fo r  20  min th en  c o o le d .  5 H H yd roch loric  
a c i d  ( 2  ml) was th en  c a u t io u s ly  added and h e a t in g  under r e f l u x  
con t in u ed  f o r  2 0  min. The r e a c t io n  m ixture was th en  b a s i f i e d  
by th e  a d d it io n  o f  5 M sodium hydroxide (3 ml) and e x tr a c te d  w ith  
e t h y l  a c e t a t e .  The e x tr a c t  was -washed w ith  w ater , d r ie d  and 
evap orated  to  y i e l d  a p a le  y e l lo w  o i l  (197 mg). C r y s t a l l i s a t i o n  
from methanol gave HIT-dibenzylhydroxylamine as n e e d le s  (51 mg,
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24$) 9 ni.p. 117—119 G ( l i t , ,  123 °C) * m/e 213 , T h is  m a te r ia l  
was homogeneous hy t . l . c ,  and th e  s t r u c tu r e  confirm ed hy n .m .r .  
s p e c tr o s c o p y .
R ed u ction  o f  N—H ydroxysuccinim ide w ith  Phosphorus T r ic h lo r id e  
in  P y r id in e
N-Kydroxysuccinimde (1 .1 5  g? 10 mmol) in  p y r id in e  (10 ml) 
was t r e a t e d  w ith  phosphorus t r i c h l o r i d e  ( 0 . 9 6  ml', 1 . 1  mol. 
e q u iv . )  at room tem perature fo r  10 min. The m ixture was 
d i l u t e d  w ith  5 N sodium hydroxide (20 ml) and w ater (130 m l) ,  
th en  e x tr a c te d  f o r  18 h w ith  e th y l  a c e t a t e .  The e x tr a c t  was 
d r ie d  and evaporated  to  g iv e  a c r y s t a l l i n e  s o l i d  (107 mg). 
C r y s t a l l i s a t i o n  from e th a n o l y i e l d e d  su cc in im id e  monohydrate 
(65 mg, 6$ ) ,  m.p. 123-126 °C ( l i t . ,  126-127 ° C ) . The i . r .  
and n .m .r .  s p e c tr a  were i d e n t i c a l  t o  a genuine sample o f  s u c c in im id e .
A ttem pted R eduction  o f  N -H ydroxysuccinim ide w ith  Sulphur  
D io x id e  in  P y r id in e
N -H ydroxysuccinim ide (230 mg, 2.0 mmol) in  dry p y r id in e  
(5 ml) was t r e a t e d  w ith  dry su lphur d io x id e  f o r  5 min, then  
h ea ted  under r e f l u x  fo r  24 h , w ith  o c c a s io n a l  passage  o f  su lphur  
d io x id e .  The m ixture was th en  evap ora ted , and th e  p y r id in e  
removed hy a z e o tr o p in g  w ith  to lu e n e  to  y i e l d  a y e l lo w  o i l  
(290 mg). T . l . c .  ( s i l i c a ;  e t h y l  a c e t a t e )  in d ic a t e d  th a t  no 
r e a c t io n  had taken  p la ce  and the  r e s u l t a n t  y e l lo w  o i l  c o n s i s t e d  
o f  s t a r t i n g  m a te r ia l .
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R ed uction  o f  N -A cety l-N -ph en y lh ydroxy lam in e w ith  Z inc in  A c e t ic  
A cid
N -A ce ty l—N -phenylhydroxylam ine (151 mg, 1 mmol) in  
g l a c i a l  a c e t i c  a c id  ( 1*5 ml )  was t r e a t e d  w ith  powdered z in c  
(98  mg, 1 . 5  mmol) and th e  m ixture warmed at J O - 8 0  °C f o r  30 
min. The m ixture was f i l t e r e d ,  and th e  f i l t r a t e  d i l u t e d  w ith  
w ater ( c a .  20 ml) th en  b a s i f i e d  to  pH 11 w ith  5 M sodium  
hydroxide s o l u t i o n .  T h is  s o l u t i o n  was ex tra c te d '  w ith  ch loroform ,  
th e  e x tr a c t  d r ie d  and evap orated  to  y i e l d  a c e t a n i l i d e  (37 mg) 
as a c r y s t a l l i n e  s o l i d .  C r y s t a l l i s a t i o n  from w ater gave 26 mg 
( 1956) » m.p. 113-114  °C ( l i t . ,  114 °C ) .
A ttem pted R eductions  o f  N -A cety l-N -p heny lh yd roxy lam ine w ith  
S i l i c o n  c o n ta in in g  R eagents
58(a )  T r ic h lo r o s i l a n e  
N -A cety l-N -phenylh yd roxylam ine (151 mg, 1 .0  mmol) in  dry
benzene (8 ml) and t r ie th y la m in e  (0 . 1 4  ml, 1 . 0  mmol) was t r e a t e d  
w ith  t r i c h l o r o s i l a n e  ( 0 .2 0  ml, 2 mmol). The m ixture was heated  
under r e f l u x  fo r  3 days , th en  l e f t  at room tem perature f o r  4 
d ays .  Water (10 ml) fo l lo w e d  by benzene (20 ml) was th en  added 
and th e  o rg a n ic  la y e r  was se p a r a te d ,  washed w ith  w ater , d r ie d  
and evap orated  to  y i e l d  an o i l  (36 mg). N .m .r . sp ec tro sco p y  
showed t h i s  to  c o n s i s t  m ostly  o f  u n rea cted  s t a r t i n g  m a te r ia l .
59(b) P o ly m eth y lh y d ro si lo x a n e
N—Acetvl-TT—nhenylhydroxylam ine (200 mg, 1 .3  mmol) was 
d i s s o l v e d  i n  me thy lene  c h l o r i d e  ( ca .  5 ml) and t r e a t e d  wi t h
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e x c e s s  p o ly m eth y lh y d ro s ilo x a n e  ( l  m l) .  The m ixture was h ea ted  
under r e f l u x  fo r  15 min a f t e r  which a p o s i t i v e  f e r r i c  c h lo r id e  
t e s t  in d ic a t e d  th a t  s t a r t i n g  m a te r ia l  was s t i l l  p r e s e n t .  
T rie th y la m in e  ( l  drop) was added and th e  r e a c t io n  l e f t  at room 
tem perature fo r  10 d ays . A p o s i t i v e  f e r r i c  c h lo r id e  t e s t  aga in  
in d ic a t e d  th a t  s t a r t i n g  m a te r ia l  was p r e s e n t .
(o )  H e x a c h lo r o d is i la n e ^
N -A cety l-N -phenylh yd roxylam in e (45 296 jimol) was
d i s s o lv e d  in  d eu ter io c h lo ro fo rm  ( l  ml) in  an n .m .r .  tu b e .  The 
tube was f lu s h e d  w ith  dry n i t r o g e n ,  th en  to  t h i s  s o l u t i o n  was 
added h e x a c h lo r o d is i la n e  (50 n l ,  296 |J.mol). Bubbles o f  gas were 
im m ediate ly  ev o lv e d  and the  n .m .r .  spectrum showed th a t  a l l  
th e  s t a r t i n g  m a te r ia l  had been con verted  to  an unknown p roduct.  
H y d r o ly s is  o f  t h i s  m a te r ia l  w ith  5 H sodium hydroxide y i e l d e d  
a compound whose spectrum was even more co m p lica ted .  T . l . c .  
showed th a t  3 compounds were p r e s e n t ,  none o f  which was a c e t a n i l i d e .
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R ed uction  o f  Thebaine w ith  Sodium /Liquid Ammonia 
(A) Sodium (460 mg, 20 mmol) and hydrated  ir o n  I I I  n i t r a t e  
(404  mg? 1 mmol) were d i s s o lv e d  in  dry l i q u i d  ammonia ( ca ,  80 ml) 
w ith  p assage  o f  oxygen over 20 min a t  -  78 °C to  form sodamide. 
Thebaine (3 .1 1  g ,  10 mmol) was th en  added, fo l lo w e d  by sodium 
( 46O mg, 20 mmol) and th e  r e a c t io n  m ixture a llow ed  to  warm to  
-  33 °C w ith  s t i r r i n g .  A fte r  th e  ammonia had m ostly  evap orated  
( c a .  3 h ) , e th a n o l  (15 ml) and water (50 ml) was added and th e  
m ixture f i l t e r e d ,  to  remove u n rea cted  th e b a in e .  The p roducts  
were p r e c i p i t a t e d  from th e  f i l t r a t e  by th e  a d d it io n  o f  s o l i d  
carbon d io x id e ,  and were e x tr a c te d  in to  ch loroform . The e x tr a c t  
was d r ie d  and evaporated  to  y i e l d  a p in k  foam (2 .5 9  g ) . N .m .r.  
spectros'copy showed t h i s  to  c o n s i s t  o f  ^ -d ih y d r o th e b a in e  (123)  
( 50$ )  and d ih y d ro th eb a in e -0  (101) ( 50$ ) .
(3 )  The above procedure was re p e a te d  w ith  sodamide (30 mmol)
and sodium (30 mmol), and th e  ammonia was a llow ed  t o  evap orate  
f o r  17 h at room tem p eratu re . A f te r  workup, a n a ly s i s  o f  th e  
t o t a l  r e a c t io n  m ixture b}?- n .m .r .  sp e c tr o sc o p y  showed th a t  i t  
c o n ta in ed  ^ -d ih y d r o th e b a in e  (55$) and d ih y d ro th eb a in e -0  (4 5 $ ) .
(C) The procedure o f  experiment (B) was r e p e a te d ,  but a f t e r
th e  ammonia had evaporated  ( c a .  3 h ) , a fu r th e r  80 ml o f  l i q u i d  
ammonia was added and ev a p o ra t io n  l e f t  t o  con tin u e  o v e r n ig h t .
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T h is  procedure y i e l d e d  ^ -d ih y d r o th e h a in e  ( 65$ ) ,  and 
d ih y d ro th eh a in e—)# ( 35$)> as  i d e n t i f i e d  hy n .m .r .  s p e c tr o s c o p y .
The p rod u cts  from experim ents  (A ) , (B ) ,  and (C) were se p a r te d  
hy f r a c t i o n a l  c r y s t a l l i s a t i o n  as f o l l o w s .  The m ixture o f  
^ -d ih y d r o th e h a in e  and d ihydrothehaine-)#  was h ea ted  in  r e f l u x i n g  
l i g h t  petro leum  ( h .p .  60 -80  °C ), th en  e t h y l  a c e t a t e  was added 
dropwise u n t i l  th e  r e s id u e  ju s t  d i s s o l v e d .  Upon c o o l in g ,  ^ -  
d ih y d ro th eh a in e  c r y s t a l l i s e d  (904 mg, 29$ from ( a ) ) .  D ihydro-  
thehaine-j#  c r y s t a l l i s e d  from the  mother l iq u o r s  a f t e r  treatm ent  
w ith  e th e r  and henzene (682 mg, 22$ from ( a ) ) .  The n .m .r .  
s p e c t r a  f o r  hoth  compounds agreed  w ith  th o se  o f  th e  l i t e r a t u r e ,  
hut hoth  compounds were s t i l l  co lo u r ed .
P r e p a r a t io n  o f  5 ,11-Dihydrothehaine Phenyl E ther ( 1 2 7 ) .
63T his  procedure i s  hased on th a t  o f  Sawa e t  a l . ,  f o r  th e  
p r e p a r a t io n  o f  th e  4 -p h e n y le th e r  o f  d ihydrothehaine-)# .
^ -D ih yd roth eh a in e  (3 .1 3  g 5 10 mmol), p y r id in e  (30 m l) ,  f i n e l y  
ground anhydrous potass ium  carbonate (2 .1 6  g ) , p r e c i p i t a t e d  
copper m etal ( 0 .3 1  g ) > and r e d i s t i l l e d  hromohenzene ( 2 .5 7  ml,
24 mmol) were h ea ted  t o g e th e r  under r e f l u x  f o r  10 h . The 
s o l u t i o n  was f i l t e r e d  w h ile  s t i l l  hot and th e  r e s id u e  washed 
w ith  hot p y r id in e .  E vap oration  o f  th e  p y r id in e  s o lu t io n  
a f fo r d e d  a hrown o i l  which was d i s s o lv e d  in  henzene and washed
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w ith  w ater ,  th e  r e s u l t i n g  em ulsion  "being sep a ra ted  "by c e n t r i f u g a t i o n .  
The benzene s o l u t i o n  was d r ie d  (K^CO^) and evaporated  to  
y i e l d  a b la c k  t a r  (4*51 s ) • P r e p a r a t iv e  t i c .  on s i l i c a  (methanol -  
ch lro form , 1 :9 )  y i e l d e d  4 -p h en y l e th e r  (127) (Rp 0 .3 1 )  ( 3 .2 4  g ,
83$) as an o i l ,  S (CDCl^ 2 .3 7  (3H, s ,  ffCH3 ) ,  3 .5 1  (3H, s ,  0-CH3 
at C - 6 ) , 3 .6 3  (3H, s ,  0-CH3 at G -3 ) ,  4 .8 3  (1H, br d, JH_ Q 6 Hz,
H -7 ) ,  5*80 (1H, d, 6 Hz, H -8 ) , and 6 .7  to  7 .4  (7H, m,
a r o m a t ic s ) ;  m/e 389 .
P r e p a r a t io n  o f  8 ,1 4 —D ih yd ro-8cr, 10oc-ep id ioxy-14{3-n itro th eb a ine  (74)  
Thebaine ( I .56  g , 5 mmol) was d i s s o lv e d  in  benzene (70 m l) .
Dry oxygen was s lo w ly  bubbled through th e  s o l u t i o n ,  th en  
te tr a n itr o m e th a n e  ( 0 . 6 0  ml, 5 mmol) in  benzene (12 ml) was added 
over  12-m in. The r e a c t io n  m ixture was l e f t  at room tem perature  
f o r  3 h w ith  p assage  o f  oxygen, th en  th e  y e l lo w  p r e c i p i t a t e d  
n itr o fo r m  s a l t  was f i l t e r e d  o f f ,  and th e  f i l t r a t e  co n cen tra ted  
under vacuum at 30 °C. The components o f  th e  f i l t r a t e  were 
se p a r a te d  by p r e p a r a t iv e  t . l . c .  on alumina (ch loroform  -  benzene,
1 :1 )  to  y i e l d  th eb a in e  (18 mg), 14^ -n itr o c o d e in o n e  (154 mg), 
both  i d e n t i f i e d  by n .m .r .  s p e c tr o s c o p y ,  and 8 , 14- d ih y d r o -8cc, 10cc- 
e p i d i o x y - l ^ - n i t r o t h e b a i n e  (600 mg, 31$)? which c r y s t a l l i s e d  from 
e t h y l  a c e t a t e  t o  y i e l d  p r ism s ,  m.p. 160-161 °C ( a f t e r  d ry in g  
at 65 °C /c a .  1 mm Hg fo r  3 days) ( L i t . ^  159-159*5 ° C ) . (Found:
G, 5 8 . 6 8 ; H, 5 . 2 8 ; N, 7 .2 4 .  Gi 9H20IT207 reciu i r e s  G> 5 8 .7 6 ;  H, 5 -23;
N, 7 . 2 1 $ ) .  The n .m .r .  and i . r .  s p e c tr a  agreed w ith  th o se  o f
th e  l i t e r a t u r e .
P r e p a r a t io n  o f  14& -N itrocodeinone D im ethyl A c e ta l  (72)
Thebaine ( 1 . 5 6  g, 5 mmol) in  methanol (100 ml) and anhydrous 
m eth a n o lic  ammonia ( 2 .2 8  II; 6 .6  ml, 15 mmol) were s t i r r e d  at 0 °C. 
To t h i s  s o l u t i o n  was added over 15 min, te tr a n itr o m e th a n e  (1.56 ml, 
13 mmol) and th e  m ixture l e f t  w ithout s t i r r i n g  at room tem perature  
f o r  17 h , to  a l lo w  th e  product to  c r y s t a l l i s e .  The s lu r r y  o f  
c r y s t a l s  was co n ce n tr a te d  under vacuum at 30 ° C , , t h e n  th e  s o l i d  
m a te r ia l  was removed by f i l t r a t i o n  and washed w ith  c o ld  m ethanol, 
th en  l i g h t  petroleum  ( b .p .  40 -60  °C ), and f i n a l l y  e th e r ,  t o  y i e l d  
1 4 f -n i t r o c o d e in o n e  d im ethyl a c e t a l  (584 mg, 3 0 $ ) .  A specimen
37
was r e c r y s t a l l i s e d  from e th a n o l ,  m.p. 225-227 °C ( l i t . ,  227-  
227 .5  °C ),  and th e  n .m .r .  spectrum was i d e n t i c a l  to  th a t  in  the  
l i t e r a t u r e .
P r e p a r a t io n  o f  14^ -H itrocod ein on e  (73) b?/ H y d r o ly s is  o f  th e  
Dim ethyl A ce ta l  (72)
14^-lT itrocodeinone d im ethyl a c e t a l  (300 mg, 0 .7 7  mmol) 
was d i s s o lv e d  in  methanol (6 ml) c o n ta in in g  5 N h y d r o c h lo r ic  
a c id  (2  ml) and water (2 ml) and h ea ted  under r e fu x  fo r  30 min.
The m ixture was th en  b a s i f i e d  w ith  aqueous sodium hydrogen  
ca rb o n a te ,  e x tr a c te d  w ith  ch loroform , d r ie d  and evaporated  
to  y i e l d  1 4 ^ -n itro co d e in o n e  (241 mg, 9 1 $ ) .  A sm all sample
o , '37
c r y s t a l l i s e d  from e t h a n o l  had  m.p.  1 7 0 -1 7 1 .5  0 ( l i i : • 9 1 7 2 . 5 -
173 °C ), and t h e  n . m . r .  sp ec t ru m  was i d e n t i c a l  t o  t h a t  i n  t h e  
l i t e r a t u r e .
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A ttem pted O x id a t io n  o f  14^ -N itrocod einon e  (73) to  10 -Q xo-14e-  
r i i tro co d e in o n e  ( 128 )
14^—N itro co d e in o n e  (114  nig, 0 , 3 3  mmol) in  r e f l u x i n g  d ioxane  
(5 ml) was t r e a t e d  w ith  resu b lim ed  se len iu m  d io x id e  (44  mg, 0 . 4 0  
mmol). A f te r  3 days r e f l u x ,  t . l . c .  on s i l i c a  ( e t h y l  a c e t a t e )  
in d ic a t e d  th a t  ca .  h a l f  o f  th e  s t a r t i n g  m a te r ia l  was s t i l l  p r e s e n t ,  
so se len iu m  d io x id e  (44  mg, 0 . 4 0  mmol) was aga in  added and th e  
r e f l u x  c o n t in u ed .  A f te r  a fu r th e r  4 days, th e  r e a c t io n  m ixture  
was c o o le d ,  ch loroform  was added and th e  s o l u t i o n  evaporated  
in  vacuo to  g iv e  a dark "brown s o l i d .  T h is  s o l i d  was d i s s o lv e d  
in  m ethanol, h ea ted  under r e f l u x  fo r  30 min w ith  c h a r c o a l ,  th en  
f i l t e r e d  and evap orated  t o  y i e l d  a c r y s t a l l i n e  s o l i d  (62 mg).
N .m .r .  s p e c tr o s c o p y  in d ic a t e d  th a t  th e  N-methyl group had "been 
o x id i s e d  to  N -form yl,  "but th e  product was never i s o l a t e d  or  
ch aract  e r i s e d .
Attem pted N i t r a t io n  o f ^  —D ihydrothebaine w ith  T etran itrom ethane
^ -D ih yd roth eh a in e  (313 mg, 1 .0  mmol) in  methanol (20 ml)
was s t i r r e d  at 0 °C and t r e a t e d  w ith  te tr a n itr o m e th a n e  (0 .3 6  ml,
3 .0  mmol) over 15 min, th en  th e  r e a c t io n  m ixture was l e f t  at
room tem perature fo r  17 h. Removal o f  th e  p r e c i p i t a t e d  s a l t s  "by
f i l t r a t i o n ,  fo l lo w e d  "by c a u t io u s  ev a p o ra t io n  o f  th e  s o lv e n t
under vacuum at 20 °C, y i e ld e d  a chloroform  in s o lu a h le  "black
t a r .  The n .m .r .  smectrum recorded  in  D ^ -acetone , showed th a to
a lo n g  w ith  s e v e r a l  "by-products, a compound th a t  appeared to
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c o n ta in  3 raethoxy s i n g l e t s  was p r e s e n t .  T h is  m a te r ia l  was 
t e n t a t i v e l y  assumed to  he th e  14g - n i t r o  d im ethy l a c e t a l  compound 
hut i t  was not i s o l a t e d  or p o s i t i v e l y  i d e n t i f i e d .
P r e p a r a t io n  o f  5«Q-Dihydro-14^—n itr o c o d e in o n e  Phenyl B ther  (129)
4 -P h en y l e th e r  (127) (770 mg, I . 98  mmol) was d i s s o lv e d  in  
dry "benzene (30 m l) .  Oxygen was s lo w ly  "bubbled through the  
s o l u t i o n  th en  te tr a n itr o m e th a n e  ( 0 . 3 0  ml, 2 .5 0  minol) in  benzene  
(5 ml) was s lo w ly  added over 8 min w ith  s t i r r i n g .  P assage  o f  
oxygen was m ain ta ined  fo r  2 h ,  th en  t h e .r e a c t io n  m ixture was 
l e f t  at room tem perature f o r  10 h . F i l t r a t i o n  o f  th e  o i l y  
r e s id u e ,  fo l lo w e d  bjr c a u t io u s  ev a p o ra t io n  o f  th e  f i l t r a t e ,  
y i e l d e d  a y e l lo w  foam (630 mg). P r e p a r a t iv e  t . l . c .  on alumina  
(benzene -  ch lro form , 1 : 1 ) y i e l d e d  at l e a s t  8 d i f f e r e n t  compounds, 
o f  which th e  two major components c o n s i s t e d  o f  th e  14^ - n i t r o  
d im ethyl a c e t a l  ( 130) (Rp 0 . 5 0 ) (20 mg, 2 $ ) ,  i d e n t i f i e d  by n .m .r .  
s p e c tr o s c o p y ,  and th e  5 ?0 -d ih y d ro —14 ft-n itro co d e in o n e  ( 129 )
(Sp o* 33) (96 mg, 12$) which c r y s t a l l i s e d  from e t h y l  a c e ta te  
as n e e d le s  (48 mg, 6 $ ) ,  m.p. 166 °0 (decom p., w ith  e v o lu t io n  o f  
gas) (Found: C, 6 8 .6 3 ;  H, 5*93;  N, 6 . 6 8 . ^ 24^ 24^ 2^5 reclu i r e s
C, 6 8 . 5 7 ; ,  H, 5 .7 1 ;  H, 6 . 67^ ) ; (KBr) 1 679 and 1 539 cm- 1 ;
8 (CDCl ) 2 .4 2  (3H, s ,  N-CH3 ) ,  3 .6 1  (3H, s ,  0-CH3 ) ,  3 .8 4  (1H,
—H—10*^   ^ 2-ud c a * i  xiSj 9) j 0 . 2 4  ( lH , d,
10 Hz, H—7 ) j  and 6 .2  to  7 .4  (8H, m, H—1, K— 2, H -8, and P ii) ; 
m/’e 420 .
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P r e p a r a t io n  o f  5 «Q—Dihydro—14^—n itr o c o d e in o n e  Phenyl Ether  
D im ethyl A c e ta l  (130)
The 4 -p h en y l e th e r  (127) (773 mg, 1 .9 9  mmol) in  methanol 
(1 7  ml) and anhydrous m eth an o lic  ammonia ( 2 . 2 8  M; 2 . 6 4  ml, 6 . 0  
mmol) was s t i r r e d  at 0 °C. To t h i s  s o l u t i o n  was added 
t e tr a n itr o m e th a n e  ( 0 . 6 2  ml, 5 . 2  mmol) over  15 min, th en  th e  
m ixture was l e f t  a t  room tem perature w ithout s t i r r i n g  fo r  12 h 
t o  a l lo w  th e  product t o  c r y s t a l l i s e .  The c r y s t a l s  o f  th e  
product were c o l l e c t e d  hy f i l t r a t i o n  and washed w ith  c o ld  m ethanol,  
th e n  l i g h t  petro leum  ( h .p .  4 0 -60  ° c ) , and f i n a l l y  e th e r  to  
y i e l d  th e  d im ethyl a c e t a l  (130) (205 mg, 22$) as  n e e d le s .  A 
specim en was r e c r y s t a l l i s e d  from m ethanol, m.p. 140-142 °C 
(decomp.' w ith  e v o lu t io n  o f  gas) (pound: C, 6 6 . 9I 5 H, 6 .4 3 ;  IT*
5 . 7 4 .  G26H30N2°6 r e -^u i r e s  c ? 6 6 .9 5 ;  H, 6 .4 4 ;  N, 6 .0 1 $ ) ;  v ma3.
(KBr) 1 537 cm” 1 ; 8 (CDCl^ 2 .4 0  (3H, s ,  N-CH3 ) ,  2 .7 7  (3H, s ,
0-CH^ at C-6p ) ,  3 .1 4  (3K, s ,  0-CH3 at C-6cc), 3 .6 2  (3H, s ,  0-CH 
at C—3) 9 3 .7 1  (1H, d, JH -10ce6 Hz, H -9 ) ,  6 .1 0  (2H, s ,  H-7 and 
H-8 ) ,  and 6 .7  to  7 .4  (7H, n , H - l ,  H-2, and P h ) ; m/e 4 6 6 .
P r e p a r a t io n  o f  5-Q-Dihydrothe~baine Phenyl H th e r /N itr so c a r h o n y l-  
methane Adduct (131)
The crude 4—phenyl e th e r  (127) (102 mg, 262 jimol) in  
e t h y l  a c e ta te  (10 ml) and sodium p e r io d a te  (84 mg, 393 l-imol) 
in  aqueous sodium a c e ta te  ( 0 .2  II, a d ju s ted  to  pH 6 w ith
ITT
co n c e n tr a te d  h y d r o c h lo r ic  a c id )  (3 ml) were s t i r r e d  r a p i d l y  at 
0 °C. Acetohydroxamic a c id  (29 mg, 393 M-mol) was added s lo w ly  
over  10 min, th en  r a p id  s t i r r i n g  was co n t in u ed  f o r  1 h. The 
m ixture was h a s i f i e d  hy th e  a d d it io n  o f  aqueous sodium hydrogen  
carb on ate  and th e  la y e r s  s e p a r a te d .  The aqueous la y e r  was 
e x t r a c te d  w ith  e t h y l  a c e t a t e  and th e  combined e t h y l  a c e t a t e  
l a y e r s  washed w ith  aqueous sodium t h io s u lp h a te  and t h e n ’ w ater .  
The e t h y l  a c e t a t e  s o l u t i o n  was d r ie d  and evp orated  to  y i e l d  an 
o i l  (79 mg, 62$ )  which was p u r i f i e d  by p r e p a r a t iv e  t d . c ,  on 
s i l i c a  (methanol -  ch loroform , 2 : 8 ) t o  y i e l d  th e  c y c lo -a d d u c t  
(131) (Rg, 0 .7 8 )  (56 mg, 44$) as an o i l ,  8 (CDCl^) 1 .8 6  (3H, s ,  
C0CH3 ) ,  2 .3 8  (3H, s ,  N-CH3 ) ,  3 .3 4  (3H, s ,  0-CH3 at C-6 ) ,  3 .6 2  
(3H, s ,  0-CH3 at C -3 ) ,  4 .5 0  (1H, dd, JH_ 10cc 6 Hz and 
ca .  1 Hz, H -9 ) ,  6 . 2 2  (1H, d, JR_ 8 9 Hz, H -7 ) ,  and 6 . 6  t o  7 .4  
( 8H, m, H—1, H—2 , H-8 , and Ph) 5 m/e 4 6 2 .
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